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Abstract 
 
Municipal wastewater treatment generally utilises an activated sludge process to remove 
organic compounds and nitrogen. Biological nitrogen removal (BNR) is known to occur in two 
steps, nitrification (removal of ammonia) and denitrification (removal of nitrates). Melbourne 
went through a severe drought from 1998 – 2010. During this period many wastewater 
treatment plants experienced performance problems, especially in terms of nitrogen removal.  
 
This study focused on a medium size wastewater treatment plant (WTP) as a case study. For a 
number of years, the plant experienced poor nitrification, mainly at the start of the cold 
months. Further investigations showed that the influent in the wastewater treatment plant 
had high concentrations of surfactants. This indicated a relationship between WTP 
performance and the presence of surfactants in the influent.   
 
The aim of this study was to assess the effect of surfactants on nitrification in activated sludge 
systems. The anionic surfactant Sodium Dodecyl Benzene Sulphonate (SDBS) was selected as a 
model compound for assessing the effect of surfactants. SDBS was selected because it is the 
most used surfactant and has been used by many other researchers to assess the effect of 
surfactants on activated sludge activities, e.g. oxygen uptake rate. The effect of SDBS was 
measured under batch and continuous flow conditions. The batch tests were carried out 
according to the Standard Method for assessing the inhibition of nitrification of activated 
sludge micro-organisms by chemicals and waste waters. The effect of SDBS under continuous 
flow conditions was investigated using bench scale activated sludge sequencing batch 
reactors (SBRs) fed with synthetic wastewater and a pilot scale activated sludge system fed 
with domestic wastewater. 
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Using batch tests, the effect of SDBS on nitrification was investigated at a concentration of 30 
mg/L. The results showed that a 30 mg/L concentration of SDBS led to a 9% inhibition of 
ammonium nitrogen (NH4-N) removal.  
 
The effect of SDBS on activated sludge process performance was studied using a lab scale SBR 
operated under typical activated sludge process conditions, e.g. sludge retention time (SRT) of 
11 days, and hydraulic retention time (HRT) of 16 hours. The influent to the SBRS was 
synthetic wastewater spiked with SDBS at designated concentrations of 10, 20 and 30 mg/L. 
The results obtained showed SDBS below 30 mg/L had no effect on the performance of the 
SBRS, whereas at 30 mg/L SDBS, NH4-N and COD removal decreased by 82% and 34%, 
respectively.    
 
A pilot plant of an activated sludge system comprised of an aeration tank and a secondary 
clarifier was made available to the project. The pilot plant was then modified to a BNR 
activated sludge system of Modified Ludzack-Ettinger (MLE) configuration. The modified pilot 
plant comprised anoxic, aerobic followed by secondary clarifier. The aeration tank comprised 
of two zones, the first being fully aerobic, and the second was operated at lower dissolved 
oxygen (DO) to minimise transfer of DO to the anoxic zone. The ratio of the internal recycle 
(IR) and return activated sludge (RAS) to the influent flow rate (Q), i.e. IR:Q and WAS:Q, were 
4:1 and 1:1, respectively. The influent to the pilot plant was diverted from the influent to the 
wastewater treatment, i.e. it received actual domestic wastewater. The plant was operated at 
SRT of 12 days and MLSS of about 1600-2000 mg/L for a number of SRTS till the performance 
reached steady state. Afterwards, the effect of 10 and 30 mg/L SDBS on the pilot plant 
performance was evaluated. Monitoring of the pilot plant continued over 4 – 5 SRT cycles for 
each concentration to mainly evaluate NH4-N and COD removal as well as MLSS and pH 
changes.  
 
Improving nitrogen removal using sugar as a carbon source was also assessed under 
continuous flow conditions using the pilot plant. Sugar was dosed into the anoxic tank of the 
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pilot plant to improve denitrification performance, causing nitrate nitrogen (NO3-N) levels in 
effluent to fall from 34 mg/L to around 13 mg/L. This result was also similar to the simulated 
result from BioWin software, with effluent NO3-N of 10.9 mg/L.  
 
The effect of SDBS on activated sludge under continuous flow conditions using a pilot plant at 
a low concentration of 10 mg/L SDBS were in agreement with the results obtained using the 
lab scale SBRs, where no long-term inhibition to nitrification and COD removal was observed. 
However, a significant impact was observed at 30 mg/L, where NH4-N and COD removal 
decreased by more than 50% and 20%, respectively, during the first two SRT of dosing. The 
results indicated that bench scale lab reactors can be used to assess the effect of changes to 
influent wastewater characteristics on activated sludge process performance but they need to 
be used with care as it may underestimate the effect. In addition, although the pilot plant 
performance recovered almost after two SRT indicating acclimatisation to the surfactant, the 
poor performance during the first 20 days was crucial as NH4-N and TN levels in the plant’s 
effluent were high and exceeded the license permit. To avoid and minimise inhibition 
problems, operational changes such as varying SRT or internal recycling can be trialled in the 
future to mitigate the poor performance during this period.  
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1 INTRODUCTION 
 
Wastewater Treatment Plants (WTPs) commonly use activated sludge systems to remove 
organics and nitrogen. Nitrogen is removed through two processes, nitrification and 
denitrification. Many WTPs experience poor nitrification, i.e. conversion of ammonia to 
nitrates, during the colder months, which leads to difficulties in meeting the effluent 
ammonia discharge requirement. The case study selected for this project is the Sunbury WTP 
because it has experienced poor nitrification and during colder periods, and an increased level 
of surfactants was also observed in the WTP’s influent and effluent. 
 
1.1. Sunbury Wastewater Treatment Plant 
The Sunbury Wastewater Treatment Plant is located in Victoria, Australia. The plant processes 
domestic wastewater from the town of Sunbury and surrounding areas with a capacity of 
approximately 8-10 ML/day and peak flow of 130 m
3
/h. It produces Class B effluent according 
to the Environmental Protection Agency (EPA), Victoria. The WTP effluent discharge limits are 
given in Table 1.   
 
Table 1. The WTP discharge limits (license permit) 
Parameters  concentrations 
Suspended solids (mg/L) 10  
Total Phosphorus (mg/L) 0.5 
Total Nitrogen (mg/L) 10  
Ammonia as N (mg/L) 2  
Biochemical Oxygen Demand (BOD) (mg/L) 5  
E.coli count 200 organisms/ 100 mL 
pH 6 – 9 
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To maintain performance and meet discharge limits, the Sunbury WTP utilises three processes 
in sequence: preliminary treatment, which is mainly step screen and grit removal, separate 
away solids and rubbish from raw sewage. Next, the wastewater flows into secondary 
treatment, utilising activated sludge process with MLE configuration. Mixed liquor suspended 
solids (MLSS) is maintained at around 3500-4000 mg/L and return activated sludge (RAS) flow 
at five times inflow rate. The sludge is settled in the clarifier and the effluent enters tertiary 
treatment process. Here, phosphorus is removed by coagulation, then passes through multi-
media filtration, chlorination and UV disinfection to become Class B water. When this project 
began, the WTP was experiencing problems with nitrogen removal during secondary 
treatment. This usually happened at the beginning of the cold seasons. Coincidentally, 
increased levels of surfactants were also detected during the period and the main aim of this 
research project was to investigate the link between the two, i.e. drought and surfactants.  
 
1.2. Scope and Objectives 
The main aim of this research was to evaluate the effects of the surfactant, Sodium Dodecyl 
Benzene Sulphonate (SDBS), on activated sludge process performance, with a focus on 
nitrification. The scope of the project comprised: 
• Evaluation of the effect of SDBS on activated sludge using three different methods, 
namely batch tests, a bench scale sequencing batch reactor (SBR) and a pilot plant, and to 
compare their results.  
• Simulation of the pilot plant using the simulation software BioWin, followed by a 
comparison of the pilot plants actual and predicted results.  
 
Research questions 
• What is the relationship between the concentrations of SDBS in the influent and 
activated sludge capacity for nitrification? 
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• How does SDBS affect the performance of the SBR in terms of ammonium nitrogen 
(NH4-N) and chemical oxygen demand (COD) removal, as well as how it affects the activated 
sludge measured in terms of changes to MLSS levels and sludge SVI? 
• Is the effect of SDBS measured using bench scale SBRs and synthetic wastewater valid 
in comparison with the effect measured using a pilot plant fed with actual wastewater? 
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1.3. Thesis Layout  
Chapter two of this thesis presents a literature review on the parameters affecting 
nitrification and studies on surfactant affecting the activated sludge process. Chapter three 
describes the materials used in this study, the methodology of the batch tests, and the use of 
SBRs and a pilot plant to assess effect of SDBS on the performance of activated sludge. 
Chapter four discusses the modification of the activated sludge process to MLE configuration, 
and both setting up and troubleshooting the pilot plant. Chapter five includes results obtained 
from the experiments and then discusses and compares them in terms of MLSS changes, NH4-
N and COD removal. Finally, chapter six presents the conclusions obtained based upon the 
results obtained from the previous chapter.  
 
1.4. Literature Review outline 
The following sections will review published research studies that looked at nitrification in 
activated sludge processes, factors affecting nitrification, the effect of surfactants on 
activated sludge processes and the effect of SDBS, as a model surfactant on activated sludge 
process performance.  
 
1.5. Overview 
Municipal wastewater treatment concerns the removal of organic matter, measured as COD 
and nutrients, mainly in the form of nitrogen and phosphorus. This study focused on nitrogen 
removal, specifically on nitrification, measured as NH4-N removal. Nitrogen constituents in 
wastewater are measured in terms of total nitrogen (TN), Total Kjeldahl Nitrogen (TKN), NH4-
N and nitrous oxides (e.g. NO2
-
 and NO3
-
). The fractionation of nitrogenous compounds 
present in wastewater is given in Figure 1 (adapted from Metcalf and Eddy (2004)): 
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The TKN is the sum of the organic nitrogen and NH4-N. The TKN of influent wastewater usually 
contributes 50-75% of the TN in wastewater, and NH4-N contributes 60-70% of the TKN. The 
removal of organic matter and nitrogen occur during the secondary stage of treatment, 
mainly using the form of an activated sludge process. The removal of nitrogen in the activated 
sludge process is known to occur in two steps, namely nitrification and denitrification.  
 
Nitrification 
Nitrification is the biological reaction that is well-known to occur in two steps by a group of 
aerobic autotrophic bacteria referred to as nitrifiers. The first reaction is performed by 
ammonia-oxidising bacteria (AOB), like Nitrosomonas, which oxidises NH4-N to nitrite. The 
second reaction is performed by nitrite-oxidising bacteria (NOB), for instance, Nitrobacter, 
which oxidises nitrite to nitrate. The nitrification reactions are summarised below:  
 
 2 + 3		 → 2	 + 4 + 2							 (1)  
Ammonia  
Non-biodegradable Biodegradable 
Particulate  Soluble  
NO2
- 
Organic nitrogen 
Total Kjeldahl Nitrogen (TKN) Oxidised 
Nitrogen NOx
- 
NO3
- 
Total Nitrogen 
Figure 1. Fractionation of nitrogen in wastewater 
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 2	 + 		 → 2					 (2)  
Overall reaction:  
  + 2		 →  + 2 +	 (3)  
Denitrification 
To remove total nitrogen from the water, denitrification is required after nitrification, 
whereby heterotrophic and autotrophic bacteria convert nitrate into nitrogen gas. These 
bacteria need oxygen for respiration but not in the form of dissolved oxygen, so the process is 
carried out in the anoxic condition, allowing the chemically bound oxygen in  to oxidise 
the organic compound (Henze et al. 2000). A carbon source from biodegradable organic 
matter in the wastewater (represented by	) is also required for the reaction to 
occur (Jeyanayagam 2005).  A section on carbon source for denitrification is also added in 
chapter 1.8. 
 
  + 10 → 10	 + 3	 + 5	 + + 10					 (4)   
1.6. Parameters affecting nitrification and denitrification 
Due to the low energy yield of nitrification reactions, nitrifiers have lower growth rates. 
Nitrifiers have a low growth rate compared to microorganisms that remove organics, i.e. the 
heterotrophic bacteria. The nitrifiers are slow to grow, and sensitive to changes in the 
conditions in the tank or operation conditions. The sensitivity of nitrifiers plays a major role in 
the plant’s performance for nitrogen removal. For example, where the activated sludge 
process is disturbed, such that washout and the loss of biomass occurs, NH4-N removal will be 
affected first and is last to recover due to the slow growth of nitrifiers and their smaller 
population compared to heterotrophic bacteria (Xiong et al. 1998). 
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Nitrifiers are also susceptible to changes in dissolved oxygen concentration, pH, temperature 
as well as presence of certain chemicals and heavy metals. The effect of these parameters on 
nitrification is discussed in the following sections.  
 
1.6.1 pH 
Nitrification causes a reduction in alkalinity by consuming 7.1 mg CaCO3 per mg of NH4-N 
oxidised.The optimal pH for nitrifiers ranges between 7 to 8 (Antoniou et al. 1990; Painter & 
Loveless 1983) but the general pH range in most WTPs is 6.8 to 7.4 (Jeyanayagam 2005). 
Villaverde, García-Encina and Fdz-Polanco (1997) observed that within the range of 5.0 to 8.5, 
a pH increase of one unit produced a 13% increase in nitrification efficiency.  
 
It should also be emphasised that at higher pH, ammonium in wastewater will be converted 
to free ammonia and it had been suggested by Kim, Lee and Keller (2006) study on fixed 
biofilm that free ammonia inhibit nitrification. However, the research by Hawkins et al. (2010) 
on Nitrobacter spp. disagreed with this view and concluded that pH changes and AOB growth 
activity contributed more in limiting nitrite oxidation than free ammonia concentration. 
 
On the other hand, denitrification is less susceptible to pH changes compared to nitrification 
and an operational pH range of 7 to 8 is satisfactory. When combined with nitrification, the 
reaction also increases the pH as some alkalinity is recovered. 
 
1.6.2 Temperature 
A general guideline on the effect of temperature on nitrification is shown in Table 2. 
 
Antoniou et al. (1990) carried out batch experiments using activated sludge from local WTP 
and found that the maximum specific growth rate of nitrifiers increased proportionally with 
temperature in the range 15 to 25 °C. On the other hand, Zhang et al. (2014) observed severe 
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inhibition to the nitrifying community at temperatures of 5°C and less. Their results were in 
agreement with the trends shown in Table 2. 
 
The Sunbury WTP is located in Melbourne, Victoria, with alternating seasons and annual 
temperature ranges from 8.9°C to 40.5°C (mean temperatures from 1855 to 2012) (Bureau of 
Meteorology 2012). This meant that the WTP may receive an inflow of low temperature, and 
hence should expect low nitrification levels in the winter, or as soon as the weather 
temperature drops.  
 
Table 2. Effect of temperature on nitrification (Gerardi 2003) 
Temperatures Effect on nitrification 
> 45°C Nitrification ceases 
28 to 32 °C Optimal range 
16°C Close to 50% of nitrification rate at 30°C 
10°C About 20% of nitrification rate at 30°C 
<5°C Nitrification ceases 
 
Temperature effects on denitrification are alike to most general biological reactions. It 
increases until 35
 
°C (Wiesmann, Choi & Dombrowski 2007), and slows down at lower 
temperatures. Denitrification is known to also occur at 50 to 60 °C (Henze et al. 2000) and 
inhibition is observed at temperatures below 5 °C. To compensate for the slow reaction 
during cold seasons, treatment plants usually increase the MLVSS to boost the population of 
denitrifying bacteria.  
 
Therefore, warm wastewater is more preferable for denitrification due to the low level of 
dissolved oxygen, making it easier to maintain the anoxic environment. 
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1.6.3 Dissolved Oxygen (DO) 
The general recommended DO level for nitrification is 2 to 3 mg/L because over-aeration is 
not cost-effective and may cause side-effects such as shearing of activated sludge flocs and 
encouraging foam production. In the meantime low dissolved oxygen levels, i.e. below 2 
mg/L, are not desirable for nitrification process. Wilen and Balmer (1999) also found that low 
oxygen concentrations of 0.5 to 2.0 mg/L can cause growth of filamentous bacteria, leading to 
sludge with poor settling properties.  
 
Moreover, Hanaki, Wantawin and Ohgaki (1990) reported that a low level of DO (0.5 mg/L) 
led to nitrite oxidation inhibition. They noticed that ammonia oxidation was not affected and 
explained that at low DO, growth of ammonia oxidisers doubled, compensating the reduced 
ammonia utilisation rate.  
 
Conversely, DO concentration for denitrification is required to be minimal, as it has been 
found that levels of 0.2 mg/L and above inhibits denitrification. However, denitrification 
requires an adequate carbon source and the presence of phosphate. 
 
There has been a growing interest on partial nitrification process, which converts ammonia to 
nitrite, then followed by denitritation. This reaction pathway uses less energy but requires 
modern process control technology to maintain the correct parameters. One main parameter 
includes keeping DO level within 1.2 – 1.9 mg/L range, to result in washout of NOB (Jubany et 
al. 2009).  
1.6.4 Toxicity and Inhibition  
Some heavy metals or chemicals are toxic to the general bacteria population in the activated 
sludge, hence their presence in influent can be inhibiting to the respiration rate and COD 
removal. However, nitrifiers are more sensitive and susceptible to inhibition. For example, 
allylthiourea (ATU) is commonly used in carbonaceous biochemical oxidation demand (cBOD) 
tests, carried out to measure oxygen demand solely from the degradation of organic 
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materials. The addition of this chemical is also used as benchmark for complete nitrification 
inhibition in batch experiments (International Organization for Standardization (ISO) 1989). 
 
Toxicity to bacteria in activated sludge tanks can be both from inorganic and organic sources. 
Effects of toxins to microorganisms include increased difficulty in nutrients uptake, 
interruption of flocs formation, decrease in growth rate, and even death (Henze et al. 2008). 
However, the activated sludge microorganisms are able to adapt and are capable of utilising 
the toxicant as substrate, depending on the conditions previously mentioned and the dosage 
amount.  
 
Xiong et al. (1998) studied the acclimatisation of activated sludge to two types of nitrification 
inhibitors, namely thiourea and aniline. During the experiment, the respiration rate was not 
affected by inhibitors as much as nitrification, as shown by the addition of 0.2 g/m
3
 thiourea, 
or 8 g/m
3
 of aniline (exerting the same level of inhibition) which caused a 10% and 35% drop 
to respiration and nitrification activities, respectively. These nitrifying bacteria were not 
completely killed, so it was possible for the system to recover. In addition, it was observed 
that MLSS concentration decreased from 3500 to 2500 mg/L. Upon acclimatisation to 
thiourea (duration ranged from 12 to 40 days for concentrations of 0.3 to 2 g/m
3
), it was 
found that activated sludge tolerance improved and recovery to complete nitrification was 
quicker too. However, the sludge took a shorter time to acclimatise to aniline as it was easier 
to break down, and was only able to degrade the inhibitor but did not acquire tolerance. 
Hence, different inhibitors will have different impacts on activated sludge, which vary with 
the characteristics of the inhibitor, for example biodegradability and molecular structure. 
When the chemical is harder to biodegrade, tolerant cells need to be generated and the 
acclimatisation period will lengthen.   
 
Nowak, Svardal and Schweighofer (1995) also showed through experimental tests as well as 
simulation runs which predicted plant performance that nitrifying activated sludge can be 
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acclimatised to inhibitors. However, they observed that the process is sensitive to sudden 
increases in concentration of nitrogen and toxic compounds.    
 
There are two general methods of determining nitrification inhibition; measurement of the 
specific oxygen uptake rate (SOUR) and nitrate generation rate (NGR). Kelly and Love (2004) 
measured inhibition of cadmium and sodium hypochlorite using both methods and found that 
SOUR was less sensitive as it was an indirect measurement of nitrification compared to NGR 
which was directly quantifying the output of the reaction. The authors also preferred NGR as 
it had better reproducibility.  
 
Another study on nitrification inhibition in activated sludge looked at exposure to fluoride in 
high strength ammonium wastewater at 20°C and pH 7.5, and compared maximum 
nitrification rate with nitrogen loading rate to determine inhibition (Carrera et al. 2003). They 
concluded that fluoride concentration of less than 50 mg/L can reduce nitrification capacity 
between 5-15%. However, this level of inhibition will not impact normal operation greatly 
unless high unexpected loading of fluoride is dumped into the system.   
 
Focusing on temperature parameter, Martin Jr, Robert Baillod and Mihelcic (2005) studied the 
effect of azo dye acid black 1 on domestic sewage using lab scale SBR and observed both 
nitrogen and carbon removal inhibition. At 22°C, COD reduced by 20% and NH4 -N removal 
dropped from 99.9% to 97%. At 7°C, complete nitrification inhibition occurred and COD 
removal decreased by half. Effluent suspended solids also increased by 300% at cold 
temperatures, which further emphasises the negative effect of combining low temperatures 
and presence of an inhibitor.  
 
Finally Suárez-Ojeda, Guisasola and Carrera (2010) observed the inhibitory impact of quinone-
like compounds on AOB in partial nitrification using respirometry and titrimetry. Their results 
showed increasing % inhibition (overall range from 22% to 90%) over increasing time (1h, 3h, 
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6h and 24h) and determined that exposure time was crucial in managing inhibition.  It was 
recommended that partial nitrification system was unsuitable to treat phenol-containing 
wastewater. Nevertheless, there was a possibility of using acclimated AOB sludge, but more 
studies are required to determine the parameters necessary for acclimation.  
 
1.7. Surfactants 
A surfactant molecule consists of a polar head group and a non-polar hydrocarbon tail. This 
makes the compound partly hydrophilic and lipophilic, enabling the chemical to act as an 
emulsifying or foaming agent (Encyclopaedia Britannica Online 2014). 
 
Surfactants are the main ingredients in cleaning products. They are also used in textiles, 
mining and petroleum industries. The surfactants are classified based on the charge of the 
hydrophilic ends into four main groups, namely anionic, non-ionic, cationic and amphoteric, 
as shown in Figure 2. Anionic surfactants which carry negative charge are mostly found in 
shampoos whereas non-ionic surfactants are generally used as grease removers (Morris 
2008). The remaining two types of surfactants are utilised in personal care products but are 
not as widespread.  
 
Anionic and non-ionic surfactants are the two largest groups; anionic linear alkylbenzene 
sulphonate (LAS) and non-ionic alkylphenol ethoxylates (APEO) being the most common 
compound from each group, with LAS contributing to 40% of all surfactants used (Scott & 
Jones 2000) .  
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Figure 2. The four types of surfactants ('surfactant groups'  n.d) 
 
1.7.1 Effects of surfactants on activated sludge process 
Most surfactants can be degraded by the activated sludge process in aerobic conditions but as 
a result sometimes can cause inhibition to the nitrification process (Brandt et al. 2001; Ying 
2006). Surfactants are also not fully broken down but adsorbed by activated sludge 
(Szymanski, Wyrwas & Lukaszewski 2002; Tomczak-Wandzel et al. 2009) and there may be a 
possibility of surfactant accumulation in municipal wastewater treatment even at low 
concentration. 
 
Moreover, research by Liwarska-Bizukojc and Bizukojc (2006) shows that surfactants not only 
inhibit nitrification but also have other impacts on the sludge itself, and that higher 
concentrations of anionic surfactants also inhibit substrate uptake and generally reduce the 
ability of sludge floc to settle.  
 
This complemented the findings of another paper which observed a decrease in the stirred 
sludge volume index (SSVI) due to smaller flocs as well as an increase in effluent turbidity 
when the surfactant NPEO was added to activated sludge (Langford, Scrimshaw & Lester 
2007). However, another publication mentioned that morphological changes and reduced 
microbial activity at less than 5 mg/L surfactant concentration had no obvious impacts 
(Liwarska-Bizukojc, Drews & Kraume 2008). Hence, the effect of different concentrations of 
surfactant on activated sludge flocs needs to be further studied.   
 
 Non-ionic 
 Anionic  
 Cationic 
 amphoteric 
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Surfactants can also cause other operational problems to the activated sludge process as 
described below: 
 
1. Oxygen transfer  
Wagner and Johannes Pöpel (1996) found that the reduction of oxygen transfer rate in 
wastewater was 40% as compared to 70% in clean water, and the main reason was due to 
surfactants in the wastewater. The authors also mentioned that non-ionic surfactants reduced 
oxygen transfer more than anionic surfactants. Likewise, Rosso and Stenstrom (2006) 
discovered that due to their unique properties, surfactants can accumulate around the air-
water interface of bubbles and this reduces the overall oxygen transfer efficiency of aerators. 
Additionally, surfactants also congregate more on fine bubbles than coarse ones, making 
small bubbles act like solid spheres which results in poorer gas transfer.  
 
2. Foam production  
Surfactants produce billowy white foam and the volume becomes more apparent in the 
aeration tanks where mixing and aeration are usually both present. This foam is able to carry 
some of the biological materials out of the tanks resulting in a loss of biomass. Anti-foam can 
be added to prevent foam formation.  
 
3. Dispersion of flocs 
A study by McAvoy, Eckhoff and Rapaport (1993) reported that concentration of LAS in the 
range of 20 to 50 mg/L could change morphological parameters of flocs, which as a result 
disrupt the settling of sludge and make the effluent more turbid. During mixing, the flocs are 
further dispersed from being sheared in the reactors and microorganisms float up instead of 
settling in the clarifiers. As a result, they are removed together with the effluent which 
decants from the top of the tank, and results in the loss of bacterial mass in the treatment 
process.   
 
Furthermore, Liwarska-Bizukojc and Bizukojc (2006) looked into the impact of anionic 
surfactants on activated sludge flocs and concluded that the saponification process made 
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sludge flocs smaller and more circular, with a more prominent effect at higher concentrations. 
The influence of sodium dodecyl benzene sulphonate (SDBS), a surfactant from the LAS group, 
was also strongest among other anionic surfactants. This is supported by Gerardi (2010) when 
he stated that anionic surfactants can disperse bacterial flocs with ease because they have a 
net negative charge. 
4. Toxicity 
It is also known that surfactants increase bacterial cell membrane permeability (Helenius & 
Simons 1975; Wu et al. 2003). As permeability increases, more substrate pass through and 
when macromolecules begin to enter the membrane, lysis occurs. 
 
Liwarska-Bizukojc et al. (2008) looked at the toxicity in terms of the effect on the degradation 
of organic matter in synthetic wastewater and the kinetics of activated sludge bacteria using 
respirometry when exposed to five different surfactants at 50 mg/L. They concluded that 
surfactant from the alkylphenol ethoxylates (APE) group had the most impact on the 
maximum specific growth rate, which was three times slower than the control reactor. On the 
other hand, the LAS group surfactant had an 80% higher growth rate than APE, but was still 
slower than other surfactants. Both surfactants also showed least soluble COD removal. The 
authors concluded that both surfactants had benzene rings in their chemical structures and 
surfactants with these rings most likely to deteriorate the activated sludge systems treatment 
process.  
 
Othman, Ding and Jiao (2009) also observed most of problems listed above in their paper on 
the inhibitory effect of anionic and non-ionic surfactants on activated sludge nitrification and 
respiration rates (measured from oxygen uptake rate (OUR)). They concluded that anionic 
surfactants caused inhibition by a reduction in sludge flocs size, which weakened the solids 
settling properties in the clarifier. An inhibition level of 100% to OUR was also observed for 
concentrations of surfactant higher than 30%.  
 
1.7.2 LAS 
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As mentioned previously, LAS is one of the most commonly used surfactant’s and can be 
removed from the water by degradation and adsorption into sludge, but due to the benzene 
ring within the chemical structure, it is harder to degrade than other surfactants (Liwarska-
Bizukojc et al. 2008; McAvoy et al. 1998; Petrovic & Barceló 2004; Scott & Jones 2000; 
Temmink & Klapwijk 2004). There were also a number of studies that reported the inhibiting 
effects of LAS on activated sludge reactions (Brandt et al. 2001; Jiao 2009; Oviedo, Marquez & 
Alonso 2004).  
 
Liwarska-Bizukojc and Bizukojc (2008) reported that the activity of activated sludge in 
synthetic wastewater was inhibited by anionic surfactants in batch experiments. They tested a 
wide range of concentrations from 2.5 to 2500 mg/L and observed that SDBS changed the 
morphology of sludge flocs the most in terms of size (decreased) and shape (more circular 
and convex) as well as showed higher inhibition to COD removal compared to sodium dodecyl 
sulphate (SDS) and sodium alkyltrioxyethylene sulphate. Correspondingly, SDBS was also the 
least biodegradable among other surfactants.   
 
Then, Oviedo, Marquez and Alonso (2004) looked at the effect of LAS at concentrations in the 
ranges of 25, 50 and 100 mg/L on the microbial activity of activated sludge, SOUR, COD and 
MLVSS. They noted upon dosing the reactors with LAS, initially, COD removal and MLVSS 
decreased, but with time the reactor’s performance recovered, i.e. COD removal and MLVSS 
levels returned to pre-dosing levels. This indicated adaptation of activated sludge micro-
organisms to LAS. However, they noticed that recovery time (duration of the inhibition effect) 
increased with higher concentrations of LAS. Maximum inhibition of microbial activity was 
also observed at the highest concentration. However, this study did not look into the effect of 
LAS on nitrification (i.e. NH4-N
 
removal).  
 
On the contrary, Brandt et al. (2001) tested the effects of 3 to 38 mg LAS /L on 4 strains of 
AOB and found that exposure to LAS affected the growth rate of the nitrifiers more than 
metabolic activities (both NH4-N oxidation and CO2 fixation), where the bacteria was still able 
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to metabolise at concentrations that would inhibit growth rate. Two Nitrosospira strains were 
observed to degrade the LAS.  
 
Additionally, Brandt et al. (2001) attempted to acclimatise the AOB at a low concentration of 
10 mg/L LAS which was believed to be non-lethal but cell functions of growth and ammonium 
oxidation were found to be inhibited.  The authors concluded that the pure AOB strains were 
more sensitive to the surfactant than heterotrophic bacteria. Hence, it is expected that 
activated sludge nitrification will be inhibited at a more diminished rate due to the mix of 
microorganisms present.  
 
Finally, Tomczak-Wandzel et al. (2009) looked at effect of  0, 10, 50, 100 and 200 mg/L SDBS 
on activated sludge using batch experiments with synthetic wastewater. Changes within 24 
hours showed stronger effects on phosphorus and ammonium nitrogen removal than COD 
removal. Higher concentrations of surfactant also resulted in slower removal. Hence, this 
study agreed with other previous studies that LAS inhibit activated sludge activities, but the 
authors only observed no nitrate production at concentrations exceeding 100 mg/L SDBS.  
 
1.8. Carbon Source for Denitrification 
Normally COD or BOD from the wastewater is utilised for denitrification, but sometimes there 
is an inadequate carbon source (either because it was consumed or the wastewater has lower 
carbon content than required). Hence, an external carbon source is used under these 
circumstances.  
It is also important to avoid having excess COD in the system. This is because a supplementing 
external carbon source will cause an increase of approximately 10% to 20% in overall sludge 
production (Henze 1991), and the increase is generally made up from the heterotrophic 
denitrifying bacteria population. Sludge handling costs will then increase in addition to the 
cost of purchasing the external carbon supply. 
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The denitrification rate is also determined by the type of carbon source, with a more 
degradable carbon source resulting in a higher rate (Isaacs & Henze 1995). The authors added 
that readily biodegradable COD fraction is the main limiting parameter for denitrification.  
 
Some examples of readily biodegradable carbon sources commonly used for external carbon 
addition are methanol and sucrose.  
 
Methanol 
Methanol is a relatively low cost material with favourable kinetics and has low cell yield when 
used as an additional carbon source. However, the low cell yield is mainly caused by its highly 
specialised denitrifier, methylotrophs (Nurse 1980), which results in the need for a longer 
acclimatization period for growth of the organisms’ population (Hallin & Pell 1998).  
 
Methanol poses safety issues with transportation and storage as it is volatile and flammable. 
This risk can be minimised by established safety precautions and adequate experience in the 
industry regarding the use and handling of the chemical. The lower sludge yield translates to 
higher denitrification efficiency which is appealing from a financial point of view. All these 
reasons make methanol the most widely used external carbon. 
 
Sucrose 
Sucrose is much safer compared to methanol, but can attract insects and pests if not properly 
stored.  
 
In contrast to methanol, sucrose is utilised by most heterotrophs present in activated sludge 
and can be consumed readily with a short acclimatisation period. Thus, the addition of 
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sucrose will improve denitrification quicker. However, this also leads to more growth in 
biomass and increases sludge handling costs if not controlled properly. Sucrose can be 
obtained from different sources but supplies from waste or by-products may have variable 
carbon concentrations which make calculating dosing amounts tricky. Some companies do 
produce commercial grade sucrose solutions with regulated COD or BOD content and can be a 
good alternative to methanol for an external carbon source.  
 
Gomez, Gonzalez-Lopez and Hontoria-Garcia (2000) compared sucrose, ethanol and methanol 
as carbon source for denitrification. The authors concluded that ethanol is the most suitable 
carbon source as methanol can be toxic and sucrose leads to greater biomass production and 
has the lowest process yield, with a C/N ratio of 2.5 compared to 1.08 and 1.1 for ethanol and 
methanol, respectively.  
Dold et al. (2008) supported the finding above, confirming that the methanol and ethanol  
specific denitrification rate (SDNR) were higher than acetate and sugar, but in this case, 
methanol-acclimatised sludge was used, so the methanol-utilising organisms could not 
immediately utilise the acetate or sugar, but ethanol seemed to be usable for denitrification. 
The authors also found that the maximum specific growth rates of sludge fed with acetate or 
sugar was higher (4.0 /day at 20°C) compared to the growth rate of organisms fed with 
methanol (1.3 / day). 
 
 
1.9. Activated Sludge systems for Nitrogen Removal 
The nitrification and denitrification processes are usually combined to process wastewater 
through two zones in series, using aerobic for nitrification and anoxic condition for 
denitrification. 
 + 2		 →  + 2 +	 (3)  
 + 10 → 10	 + 3	 + 5	 + + 10					 (4)   
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As seen from formula (3), nitrification converts ammonia into nitrate and denitrification 
(formula (4)) removes nitrate to prevent eutrophication in the effluent water source. 
However, denitrification requires carbon source and this is usually consumed during the 
nitrification stage by other microorganisms in the tank. Hence, different configurations and 
recycle set-ups are utilized to make up different type of systems.  
 
The most used biological nitrogen removal process in a municipal WTP is the Modified 
Ludzak-Ettinger (MLE) process (anoxic then aerobic with internal recycle as shown in Figure 3 
(Metcalf & Eddy 2004)). The denitrification of nitrates utilises organic substrates from influent 
wastewater, with the process also known as substrate denitrification or preanoxic 
denitrification. The anoxic process in this case would be rich in carbon source with the supply 
of nitrate to the process controlled by the internal recycle flow rate.  
 
 
 
 
 
 
Figure 3. Preanoxic denitrification 
 
Another layout as shown in Figure 4 is known as endogenous or postanoxic denitrification 
whereby denitrification occurs after nitrification by using an electron donor source from 
endogenous decay (Metcalf & Eddy 2004). There is no recycle stream involved in this method.  
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Figure 4. Postanoxic denitrification 
 
Comparing the two methods, the disadvantage of MLE is that it has a likelihood of releasing 
higher level of nitrate in effluent because the aerobic process is the last stage of treatment.  
On the other hand, postanoxic denitrification has a much slower rate of reaction because COD 
is likely to be inadequate as most of it is removed in the aerobic tank. This lack of carbon 
source will inhibit the denitrification reaction. Thus, an external carbon source is normally 
added to the postanoxic process to increase the rate of denitrification (Metcalf & Eddy 2004). 
However, as this is the last stage in the treatment, the addition of an excess carbon source in 
the anoxic tank might lead to increased COD measured in the effluent. 
 
1.9.1 Design parameters 
Solids or sludge retention time (SRT) is commonly used to design and control the activated 
sludge system. SRT, which is also the sludge age, represents the time in which sludge remains 
in the system. This can be calculated using equation 5 below: 
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(5)  
 
Due to the slow growth of nitrifiers, a longer SRT is required with complete nitrification, and 
ranges between 3 to 18 days depending on temperature and compounds. (Lee et al. 2008) 
 
Food to microorganism ratio (F/M ratio) is also related to sludge age. A long sludge age will 
increase the microorganism concentration in the system, reducing the F/M ratio (when food 
amount stays constant). Hence, F/M ratio is inversely proportional to sludge age.  
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Melcer et al. (2006) studied the operational conditions required for activated sludge systems 
to remove the surfactant, alkylphenol ethoxylate (APEO). The author recommended SRT of 
more than 10 days and a minimum hydraulic retention time (HRT) of 8-10 hours to ensure 
high removal of APEO.  
 
1.10. Simulation 
Software simulations have been used to model activated sludge treatment processes, both in 
the design stage to predict required tank sizes and estimate effluent water quality as well as 
in the optimisation stage to reduce operational cost. 
 
The main requirement for utilising software simulation is to calibrate the simulation package 
according to the wastewater characteristics that need to be treated as they are very different 
from one municipal to another. In the characterisation process, influent organic matters and 
total nitrogen components are partitioned according to their respective portions using 
chemical analysis and calculations (Melcer, Dold & Jones 2003). This ensures that the 
designed system will remove the constituents actually present in the waste.  
Further calibration can also be done by carrying out experiments to determine the kinetic 
stoichiometric parameters. However, studies have shown that these standard parameters did 
not vary for different systems that treat municipal wastewater (Melcer, Dold & Jones 2003).  
Sedran, Mehrotra and Pincince (2006) warned about the effects of not calibrating simulation 
packages by comparing three different software’s (BioWin, GPS-X, and Plan-It STOAT) to 
estimate tank volumes for activated sludge wastewater treatment. They found that different 
models for BioWin, regardless of the set or default influent wastewater fractions and kinetic 
stoichiometric parameters, did not vary much from the relative volume. However, the other 
two programs showed larger changes when parameters were set to different values. Thus, 
BioWin will be used for the simulation work in this thesis.  
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1.11. Research gap 
The literatures listed in this chapter generally looked at specific conditions separately but did 
not study how parameters like COD, NH4-N and NO3-N change (and possibly interact) in a 
continuous nitrification and denitrification process. In an MLE system, flows are recycled and 
some of the observed effects may be mitigated or further amplified.  
 
Comparison between a batch, lab scale SBR and pilot scale MLE system reactor has also not 
been done before which can show the difference in batch and continuous process as well as 
allow investigation for consistency on the effects of surfactant at different scales. 
 
From the literatures above, the surfactant SDBS was commonly used, and caused the 
strongest effects on activated sludge treatment process. It was also the least degradable 
compared to other surfactants. Hence, this thesis will look at the effects of surfactant, using 
SDBS as model surfactant at different scales plus compare between batch and continuous set 
ups.   
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2 MATERIALS AND METHODS 
 
This chapter will explain the equipment and methodology used for running the batch 
experiment, SBRs and pilot plant. Additional detail on modification of the pilot plant will be 
given in the next chapter.  
2.1. Batch test 
2.1.1 Description  
Inhibition to nitrification test was carried out according to ISO 9509:1989 ‘standard method 
for assessing the inhibition of nitrification of activated sludge micro-organisms by chemicals 
and wastewaters’. The test was a batch experiment used to measure inhibition to nitrification 
by monitoring the reduction in ammonium concentration in a flask over time as set up in 
Figure 5. All flasks were duplicated at 20°C in a controlled environment. 
 
Figure 5. Batch experiment set-up 
The flasks were all placed in a temperature-controlled shaker, and added with fixed volume of 
sludge, medium mixture and antifoam. Then, reference inhibitor flasks were filled with ATU 
solution, the test flasks filled with surfactant solution and blanks were diluted in distilled 
water. Final volumes of all flasks were 500mL and aerated using air stones connected to an air 
pump.   
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Below is a summary of the steps taken to prepare the experiment: 
1. Measure mixed liquor suspended solids (MLSS) of sludge adjusted to achieve the 
designated concentration.  
2. Add antifoam, surfactants, medium solution, activated sludge, and ATU to conical 
flasks and adjust volumes for different surfactant concentrations, blank and reference set-up. 
3. Place flasks into shaker, and aerate using one air stone/ flask for four hours, running 
the experiment in the dark.  
 
Previously, the effect of SDBS at concentrations of 20 and 40 mg/L on nitrification was 
assessed using 1500 mg/L MLSS according to the standard method ISO 9509:1989; However, 
the test for the effect of 30 mg/L SDBS was carried out after modifying the standard method 
by using 3000 mg/L of MLSS and measured every hour rather than only measuring the 
concentration before and after four hours. 
Then, the following formula was used to determine inhibition: 
 (∆!-(%!"	%8-	 − ∆1:	%8-) − (∆;<	%8- − ∆1:	%8-)
∆!-(%!"	%8-	 − ∆1:	%8- × 100% 
(6)  
 
Δ Control run: Initial NH4-N of control reactor – Final NH4-N of control reactor 
Δ ATU run: Initial NH4-N of ATU reactor – Final NH4-N of ATU reactor 
Δ SDBS run: Initial NH4-N of SDBS reactor – Final NH4-N of SDBS reactor 
 
2.1.2 Operational parameters 
The batch experiment was run according to the operating condition specified in Table 3: 
Table 3. Operating conditions in batch experiments 
OPERATING CONDITIONS  
Temperature 20°C 
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pH 7.3±0.5 
DO during aeration More than 2.0 mg/L 
Duration 4 hours 
 
 
2.1.3 Experiments performed 
The batch experiment was used to study inhibition in nitrification tested at 30 mg/L SDBS. The 
same method using sludge MLSS of 1500 mg/L had been used to measure inhibition after 4 
hours at 20 mg/L and 40 mg/L SDBS, in another thesis (unpublished).  
 
2.1.4 Inoculum 
Activated sludge collected from Sunbury WTP was sieved through a 2.830 mm mesh to 
remove larger particles. Where the sludge was not used immediately, it was aerated and fed 
with medium mixture. 
 
2.1.5 Feed composition 
The chemicals, adjusted for dilution, are listed in Table 4 below: 
 
Table 4. Chemicals used in batch experiment 
Solutions and chemicals Dilution Applications 
Medium mixture [5.04g NaHCO3 + 2.65 
g (NH4)2SO4 ]/ L water 
N-NH4
 
source and carbonate to maintain 
alkalinity during nitrification reaction 
ATU 0.116 g /100 mL 
water 
Reference for maximum Inhibition  
LAS surfactant :SDBS 1.25 g/L water Stock surfactant solution which will be 
further diluted in the experiment 
Dow Corning silicone 
antifoam 
1 drop/ 10 mL water Added to minimize foaming, reducing 
the loss of sludge 
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2.1.6 Sampling method 
Below are the steps taken to obtain samples during batch test: 
1. Collect 10 mL of sample from each flask before the start of experiment, centrifuge at 
4400 rpm using Eppendorf Centrifuge 5702 for five minutes, filter and refrigerate at 4°C. 
2. After starting the experiment, collect 10 mL samples every hour, centrifuge, filter and 
refrigerate.  
3. At the end of the experiment, analyse all samples for NH4-N and NO3-N. Furthermore, 
measure COD and MLSS before and after running the experiment to ensure no changes. 
 
2.1.7 Probes used 
The batch experiment was carried out at RMIT University lab using probes given in Table 5:  
Table 5. List of probes available at RMIT lab 
Parameters Probe specification 
pH Mettler Toledo S20 SevenEasy pH meter 
DO (Dissolved oxygen) YSI 5100 dissolved oxygen meter 
 
2.2. SBR test 
2.2.1 Description 
SBRs are semi-batched, time-based reactors, where the treatment is carried out in four 
stages, namely feeding, mixing, settling and decanting in the same reactors. The mixing phase 
can be split into aerobic and anoxic stages to provide zones for nitrification and denitrification 
to occur.  
Two SBRs were used, with one as a control and the tests were carried out over a period of 
time where steady state was reached. 
Bench-scale SBRs were set-up and maintained at room temperature in the Environmental 
Engineering lab at RMIT University, and each SBR, having 4L of effective volume, was fed with 
synthetic wastewater. 
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The SBR was operated continuously at three cycles / day, with the structure of the cycles as 
shown Figure 6 (Not to scale).  
1 cycle:  
Anoxic 
(30 min) Aerate (240 min) 
Anoxic  
(120 min) 
 
Feed 
 (30 min) Mixing (360 min) 
Settle 
 (55 min) 
Decant 
(30 min) 
Idle 
(5 min) 
Wasting 
(2 min) 
Figure 6. SBR timeline for 1 cycle 
 
The process changes within the cycle were controlled by timers to activate and deactivate air 
pumps, mixers, feed and effluent pumps (Figure 7). Wasting of excess sludge was carried out 
nearing the end of anoxic phase, using the effluent pumps.  
 
Figure 7. SBR set-up 
Air:              
SBR process: 
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A detailed list of the equipment used and the process flow diagram (PFD) for the SBRs set-up 
can be found in the Appendix section. 
 
2.2.2 Operational parameters 
Daily feeding ensured the freshness of synthetic wastewater and wasting volume was 
determined based on SRT. The operating conditions are summarised in table below.  
Table 6. SBR operating condition 
OPERATING CONDITIONS  
Temperature 25 ±2°C 
pH 7.3±0.5 
DO during aeration More than 2.0 mg/L 
HRT 16 hours 
SRT 11 days 
 
 
2.2.3 Experiments performed 
The SBRs were used to test the long term effect of 10, 20 and 30 mg/L SDBS. 
 
2.2.4 Inoculum 
Activated sludge collected from Sunbury WTP was sieved through a 2.830 mm mesh to 
remove larger particles before use. Where the sludge was not used immediately, it was 
aerated and fed with synthetic wastewater used in this experiment. 
 
2.2.5 Feed composition 
SBR Synthetic wastewater 
The synthetic wastewater was made according to Table 7. The carbon source was from sugar 
and beef extract, and most of the chemicals in nutrient and trace metal solutions were based 
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on the work by Tabares (2006). The influent parameters are listed in Table 8. Also, same 
surfactant (SDBS) as the batch experiment was used in the SBR runs.  
 
Table 7. SBR Synthetic wastewater composition 
CARBON 
SOURCE 
 Chemical formula 
 Name 
Concentration 
(mg/L) 
C12H22O11 Sugar, sucrose 200 
- Beef extract 400 
NaHCO3 Sodium bicarbonate 300 
CH3COONa sodium acetate  200 
NUTRIENT 
SOLUTION 
NH4Cl Ammonium Chloride 120 
K2HPO4 Potassium Phosphate 40 
MgSO4.7H2O Magnesium Sulphate 20 
CaCl2.2H2O Calcium Chloride  40 
TRACE 
METALS 
SOLUTION 
FeCl3.6H2O Ferric Chloride 0.5 
ZnSO4.7H2O Zinc Sulphate 0.04 
CuSO4.5H2O 
Copper Sulphate 
Pentahydrate 0.02 
MnCl2.4H2O 
Manganese Chloride 
Tetrahydrate 0.04 
CoCl2.6H2O Cobalt Chloride Sol. 0.05 
Na2MoO4.2H2O Sodium Molybdate 0.04 
H3BO3 Boris Acid 0.1 
KI Potassium Iodide 0.02 
 
Table 8. Synthetic wastewater characteristics 
  Parameters Concentration (mg/L) 
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COD 668±5 
NH4-N 40 ±2 
NOx-N ≤0.1 
BOD 555±3 
 
Surfactant: 
A stock solution of 1000 mg/L SDBS (same surfactant used in batch and SBRs experiments) 
was prepared and stored in the fridge. The required volume was added to the feed to achieve 
the designated concentrations of 10, 20 and 30 mg/L. A few drops of Dow Corning silicone 
antifoam were also added to the feed to prevent excessive foaming. 
 
2.2.6 Sampling schedule 
10 mL samples were collected and measurements for MLSS, MLVSS, DO, and pH were taken 
on every Monday and Thursday of the week. Upon collection, samples were centrifuged for 
five minutes at 4400 rpm before being filtered, and NH4-N and COD analysed using HACH 
reagents. 
 
Samplings were done during ‘cycle 1’ at the end of the ‘feeding’, ‘aerobic’ and ‘anoxic’ process 
for analysis. Wasting was not carried out if samples were collected on that day in order to 
minimise disturbance to the process due to the small capacity of the reactors.  
 
2.2.7 Probes used 
The SBRs were set up at RMIT University and used the same probes listed in Table 5 for pH 
and DO measurements. 
 
2.3. Pilot plant 
2.3.1 Description 
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Pilot scale MLE system was set up within a shed of a water treatment plant at Sunbury, 
Melbourne, in order to obtain fresh wastewater daily from the area. More details regarding 
the set will be given in chapter 3.  
2.3.2 Operational parameters 
The pilot plant underwent many modifications (explained in the next chapter) before finally 
operated at the conditions specified in Table 9. 
Table 9. Pilot plant's operating conditions 
Sludge age 12 days 
Total tank volume 113 L 
Anoxic tank size % 33% 
Influent flow rate 3.8-4.0 L/ h (pulsing flow due to peristaltic pump) 
Internal recycle flow 4x influent flow rate 
RAS flow rate 1 x influent flow rate 
 
2.3.3 Experiments performed 
The pilot plant was used to test the effect of adding sucrose to denitrification as well as SDBS 
at 10 and 30 mg/L. There was no replicate due to absence of second reactor and long 
duration of each experiment. However, the tests were carried out over a period of time 
where steady state was reached and conditions of pilot plant before and after dosing were 
compared and discussed. 
 
2.3.4 Inoculum 
Sludge was collected from the wastewater treatment plant, sieved through a 2.830 mm mesh, 
and then poured directly into the anoxic tank. 
 
2.3.5 Feed composition 
Carbon source: The sugar solution was provided by Sugar Australia, which was D.Nitro 
sucrosolution with COD concentration of 1000 g /L.  
Surfactant: 1000 mg/L SDBS stock solution was prepared and used to spike the feed to 
achieve the desired concentration.  
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Antifoam: Dow Corning silicone antifoam was diluted 100 times before being added into 
aeration tank A1. 
Actual wastewater as influent was used, with Table 19 and Table 24 listing down the 
characterised wastewater in section 4.3.  
 
2.3.6 Sampling schedule  
50 mL samples were collected every Monday, Wednesday and Friday, then immediately 
analysed on-site for DO, pH, MLSS, MLVSS, SVI, TN, NH4-N, NO3-N and COD.  
For parameters measured using probes, filtering of samples was not required. Samples using 
HACH reagent kits would need to be filtered, with the exception of raw influent TN, influent 
COD as well as effluent COD. 
Additional samples were collected separately for surfactant analysis. 
 
2.3.7 Probes used 
The pilot plant was set up in Sunbury WTP and analysed using probes from the plant’s lab 
listed in Table 10. 
Table 10. Probes used for pilot plant experiments 
Parameters Probes specifications 
pH WTW multi 3430 with pH electrode sentix 940-3 
probe 
DO (Dissolved oxygen) WTW multi 3430 with FDO925 probe 
ammonia 
 
HACH SensION 2 with Van London Ammonium 
combination probe 
nitrate 
 
HACH SensION 2 with Van London nitrate 
combination probe 
 
The readings of both pH and DO probes in Table 5 and Table 10 were comparable and 
regularly recalibrated for accuracy to prevent discrepancies. However, only samples without 
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surfactant addition could be analysed by ammonia and nitrate probes at Sunbury WTP lab ( 
listed under Table 10) because the presence of surfactants interfere with probe 
measurements, leading to unreliable results. Otherwise, probes results had been similar to 
HACH reagents in section 2.4.4. 
2.3.8 Simulation 
Software simulations have been used to model activated sludge treatment processes, both in 
the design stage to predict required tank sizes and estimate effluent water quality as well as 
in the optimisation stage to reduce operational cost. 
The main requirement for utilising software simulation is to calibrate the simulation package 
according to the wastewater characteristics that need to be treated as they are very different 
from one municipal to another. In the characterisation process, influent organic matters and 
total nitrogen components are partitioned according to their respective portions using 
chemical analysis and calculations (Melcer, Dold & Jones 2003). This ensures that the 
designed system will remove the constituents actually present in the waste.  
Further calibration can also be done by carrying out experiments to determine the kinetic 
stoichiometric parameters. However, studies have shown that these standard parameters did 
not vary for different systems that treat municipal wastewater (Melcer, Dold & Jones 2003).  
Sedran, Mehrotra and Pincince (2006) warned about the effects of not calibrating simulation 
packages by comparing three different software’s (BioWin, GPS-X, and Plan-It STOAT) to 
estimate tank volumes for activated sludge wastewater treatment. They found that different 
models for BioWin, regardless of the set or default influent wastewater fractions and kinetic 
stoichiometric parameters, did not vary much from the relative volume. However, the other 
two programs showed larger changes when parameters were set to different values. Thus, 
BioWin will be used for the simulation work in this thesis.  
 
2.4. Analytical Methods 
This section describes the methodology used to measure the parameters. 
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2.4.1 Mixed Liquor Suspended Solids (MLSS) 
Equipment used: filter paper, ceramic crucible, Binder ED and FD series Drying Oven, and 
electronic balance. 
Method:  
1. Weigh mass of paper. 
2. Filter 10 ml sample from reactor on to filter paper. 
3. Place filter paper onto ceramic crucible and heat in the oven at 105 °C for 1 hour. 
4. Cool sample down to room temperature and weigh the final mass.  
5. Obtain mass of the solid by subtracting values obtained from step (1) from step (4) 
values.  
 
2.4.2 Mixed Liquor Volatile Solids (MLVSS) 
Equipment: glass filter paper (pore size 1.2µm), ceramic crucible, Barnstead Type 30400 
Thermolyne Furnace, and electronic balance. 
Method:  
1. Obtain mass of paper with dried sample from MLSS test. 
2. Place paper onto crucible and heat in the furnace at 550 °C until mass is constant 
(approximately 15 minutes to 30 minutes). 
3. Cool sample down to room temperature and weigh the final mass.  
4. Obtain MLVSS by subtracting values obtained from step (1) to step (3) values.  
 
2.4.3 Sludge Volume Index (SVI) 
Equipment: measuring cylinder 
Method:  
1. Obtain MLSS value of sample. 
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2. Collect 1L sample and leave in a measuring cylinder to settle for 30 minutes. 
3. Read the level of solids in the measuring cylinders. 
Formulae: 
 >?@ =	.&8%&	"& &"	 × 1000+) 		 
(7)  
 >?A	B@ =	.&8%&	"& &" × 20 × 1000+) 		 
(8)  
  
 In the case of the SBRs, the volume used in the SVI determination was reduced as the 
requirement in the standard method will cause too much disturbance to the process (50 mL 
instead of 1L was used because the capacity of the SBR was only 4L).  
 
A short study was undertaken to find out the correlation of the SVI values obtained using 1L 
and 50mL measuring cylinders:  
 
A 2-sample t-test was done on 81 parallel readings (for SVI measured in 2012 and 2013) and 
entered into the software SPSS, Table 11 calculated the mean and standard deviations for 50 
mL and 1L runs, while Table 12 determined the p-value:  
 
Table 11. Group Statistics 
 Cyl. Vol. N Mean Std. Deviation Std. Error Mean 
SVI 
50 mL 81 130.38 69.772 7.752 
1000 mL 81 130.79 78.007 8.667 
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Table 12. Independent Samples Test 
  
Levene's Test for 
Equality of 
Variances 
t-test for Equality of Means 
F Sig. t df Sig. (2-tailed) 
Mean 
Difference 
Std. Error 
Difference 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
SVI 
Equal 
variances 
assumed 
0.079 0.778 -0.036 160 0.972 -0.414 11.629 -23.379 22.552 
Equal 
variances 
not 
assumed 
    -0.036 158.049 0.972 -0.414 11.629 -23.381 22.554 
 
The p-value (p = 0.972) is greater than the significance level (0.05), we fail to reject H0 and 
conclude that there is no significant difference in SVI measurement between 50 mL (M = 
130.38, SD = 69.772) and 1L (M = 130.79, SD =78.007) measuring cylinders. 
 
2.4.4 HACH Reagents 
Table 13 specified the HACH reagents used for measuring the chemical parameters. Full 
methodologies are available on the HACH website, and measured on a DR5000 HACH 
spectrophotometer. 
 
Table 13. List of HACH reagents used: 
Parameters Method  
NH4-N 10031 ( High Range Test ‘N Tube™ AmVer™ Nitrogen Ammonia) 
NO3-N 10020 (Chromotropic Acid Test 'N Tube, Nitraver X) 
TN 10072 (Persulfate Digestion Test 'N Tube method) 
COD 8000 (COD High range, Reactor Digestion method) 
 
49 
 
2.4.5  5 days Biological Oxygen Demand (BOD5) 
BOD of pilot plant influent wastewater was measured using the OxiTop® system (heads and 
controller), with fresh samples for 5 days in an incubator at 20°C. The amount of required 
samples will vary according to the estimated level of BOD in the sample (predict from COD 
measurements).  
 
2.4.6 Methylene Blue Active Substances (MBAS) test for SDBS measurement 
Simplified steps according to the method given by Jurado et al. (2006): 
Equipment used: DR5000 HACH spectrophotometer, glass tube and pipettes. 
Reagents: 
A. LAS standard solution of 10mg/L and then made into the concentration (0.5, 1, 1.5, 2 
and 2.5 mg/L) 
B. Chloroform CHCl3. 
C. Buffer solution- sodium tetraborate  
D. Acidified Methylene blue reagent [dissolve methylene blue in borax buffer solution]. 
E. Phenolphthalein indicator: 0.2 g Phenolphthalein dissolved in 10 ml 95% v/v 
concentration ethanol and stirring, at 10ml of water. Filter out precipitate. 
F. Sample diluted to lower than 2.5mg/L surfactant. 
Method:  
1. In the glass test tube (spectrophotometer quality), add 5 ml of A. 
2. Add 1 drop of E. 
3. Add 200 µl of C. 
4. Add 100 µl of D. 
5. Add 10ml of B. 
6. Mix for 30s and sit for 5 min, measure at 650 nm in spectrophotometer, comparing 
with chloroform as constant. 
7. Plot MBAS spectrophotometer reading against mg/L of LAS standards to obtain linear 
equation with R
2
>0.98~0.99. 
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8. Repeat steps but use F instead of A for sample analysis and obtain linear equation to 
calculate concentration of surfactant. 
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3 PILOT PLANT  
 
The purpose of the pilot plant was to trial different operating conditions of an activated 
sludge system without major consequences on the actual treatment plant. It would be a 
scaled down version of the wastewater treatment plant and continuously process wastewater 
from the Sunbury WTP.  
 
Moreover, simulation for analytical purposes is more preferable on a pilot plant as 
parameters can be easily modified and measured. 
 
3.1. Pilot Plant Set-up 
The original pilot plant was purchased with the following main components: feed tank, two 
peristaltic pumps (for influent and RAS), preheater, aeration tank (AIR 1), clarifier and a 
control panel as shown in Figure 8.  
 
Figure 8. Picture of original Pilot plant set up 
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The initial design was a conventional activated sludge system and was only used for the 
nitrification reaction, as there was no anoxic tank for denitrification As a result, the produced 
nitrate led to rising sludge in the clarifier, as sludge denitrify and nitrogen gas bubbles floated 
up sludge flocs. This prevented good settling and the loss of sludge as effluent was removed 
from the top of the tank. The nitrification process also led to a drop in pH which can be 
balanced from by the addition of the denitrification process. Hence, the anoxic region was 
needed and set up according to the MLE system, which was the same arrangement used in 
the Sunbury WTP. 
 
3.1.1 Pilot plant modification  
Modification was carried out to add two more tanks; one anoxic tank before the process, and 
another aeration tank (AIR 2) after the existing one. This second aeration tank was operated 
at a lower DO of 2-3 mg/L, while the AIR 1 tank DO was kept at 4-5 mg/L. Similarly, the 
Sunbury WTP also reduced DO levels nearing the end of its aeration tank. The idea was that 
less air would be required for the nitrifiers nearing the end of the process, and at the same 
time, this minimised the chance of DO being pumped back into the anoxic tank via the 
internal recycle stream. For the MLE system to work, an internal recycle stream was also 
required to return the contents of the final tank back to the first tank. Figure 9 shows the 
simplified process flow diagram after the modification. 
 
The internal recycle flow inlet from tank AIR 2 was located near the base because the hose 
needed to be completely submerged (this was not possible if it was at the same height as the 
outlet to the clarifier). The recycle stream was connected to a pump which could regulate its 
flow.  
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The outlet of the internal recycle was placed on the same side of the anoxic tank, close to the 
other streams (RAS and influent) entering the tank. RAS was connected next to the influent 
wastewater to maximise nutrient utilisation by the bacteria.  
 
A wasting pump was also installed to remove sludge from the final reactor tank rather than 
the bottom of the clarifier (RAS stream), which was the original set up. This would allow for 
easier process control as the WAS (Waste Activated Sludge) solids concentration would be the 
same as the reactors’ MLSS.  
 
Figure 9. Simplified MLE process flow of pilot plant 
 
3.1.1.1 Troubleshooting 
The initial plan for modification was to cut weirs on top of the first aeration tank (AIR 1) and 
sandwich it with the two new tanks so that the content would overflow from one tank to the 
other. However, it was difficult to cut the tank without causing any fractures or cracks. Hence, 
the two additional tanks were connected by hoses instead. 
 
Upon completion of the modification, recycled water was tested with no issues on the 
system. However, flooding occurred when operated with sludge and wastewater due to the 
settling of sludge on hoses connecting the tanks, blocking the outflow. Tank heights, as well as 
outlet heights, were again adjusted to solve this problem.   
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3.1.1.2 Influent pump set up 
Initially, the wastewater pump had no pre-filtration set up and large solids entered the pilot 
plant resulting in blockage of the feed tank. This is because the tank has a comparatively 
larger inlet than outlet. Hence, a two-layer screening set-up was employed to prevent this. 
The inner structure was made by riveting fly mesh around an aluminium frame, and the outer 
structure was a steel cage with circular holes on all sides, including the base.  
 
However, when immersed for more than a day, rags and a biofilm layer would accumulate, 
resulting in higher influent TS (total solids). Thus, the mesh and pump needed to be cleaned 
every 2 to 3 days. This set up (Figure 10 (a)) was used for most of 2012.  
 
Over time, the inner screen layer was damaged and holes allowed grits to enter which 
accumulated and were then pumped into the system. Cleaning of the set up became more 
frequent as a result. 
 
Attempts were made to mend the holes and tears of the inner screen using silicone, but it 
was time consuming and the silicone came off after a couple of weeks. A smaller fly screen 
was then wrapped around the wastewater pump and secured with cable tiers before placing 
it into the original set up. The single piece of mesh would be easy to replace if it was torn and 
prevented the grits which accumulated in the inner screen to enter. Despite the holes, the 
inner mesh still blocked larger solids and reduced the accumulation rate of biofilm on the 
pump. This set-up was used for most of 2013 (Figure 10 (b)).  
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Figure 10. (a) 2-layer screen system. (b) 2-layer screen system with additional mesh 
wrapped around pump. (c) Close-up of inner screen structure. (d) Substitute inner mesh set 
up.  
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Some modifications that were done: 
• An “X” marks the new position in Figure 11 after the decision to move the pump 
location further back in the tank, behind the baffle board, where the flow was less turbulent 
(due to the location of the grit remover in the middle of the tank which pumped air and 
agitated the solids).  
 
Figure 11. “X” marks the new location behind the baffle board where the flow rate is less 
turbulent 
• Installation of maintenance valve and additional inlet/outlet for pipeline connecting 
the wastewater pump into the pilot plant which was used for draining or flushing purposes 
(Figure 12). 
  
Figure 12. New T-junction and valve 
 
X 
57 
 
Regular cleaning every two days was still required. Nevertheless, when excessive biofilm 
formed around the mesh of the pump, it would completely block the flow due to the reduced 
surface area, and not feed the system at times of unpredictable high solids loading.  
It was later found that the additional mesh layer also reduced the COD of the influent 
resulting in the need for additional sugar to improve process performance.  
 
Finally, the mesh around the pump and inner screen (Figure 10(c)) were removed and 
replaced with the set up in Figure 10(d). The pump was placed within a plastic box with small 
holes on every side and the box was then wrapped with a single large piece of fly screen sewn 
together with fishing line. The end with the pump cable was secured with cable tier. This set 
up increased the surface area for biofilm to form without totally blocking the flow, and due to 
the enclosed nature, it decreased the maintenance frequency to once a week.  Replacement 
of the mesh layer would also be easier and cheaper.  
 
3.1.1.3 Other alterations related to influent 
When grits entered the pilot plant system, it caused blockage mainly in the pilot plant’s 
influent peristaltic pump (pumping influent from the feed tank to the anoxic tank) and 
prevented wastewater from entering the reactors, leading to process disruption. 
 
Influent and RAS pumps were modified to run at maximum speed every 10 minutes for 10 
seconds to prevent blockages especially at connection points between the pipes and pump 
tubes, and for the case of RAS pumps, facilitate better RAS recycle flow. Improvements to RAS 
recycle flow will be further discussed in the section: Modification to clarifier. 
 
Due to the low flow rate, solids settled in the T-junction beneath the feed tank, which 
eventually blocked the entire pipe section. A timer-activated wasting valve was installed to 
solve this issue (Figure 13). However, sometimes a larger piece of solid would get through; 
blocking the valve as well and the problem persisted, albeit less frequently. 
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Figure 13. Solenoid valve to waste some of the influent out of the system (to the left of the 
pipeline) 
A primary settling tank was then installed before entering the feed tank of the pilot plant to 
allow some of the bigger solids to settle to the bottom. 
 
3.1.1.4 Modification to clarifier 
Referring to Figure 14, the original clarifier design was for the sludge and effluent mixture to 
enter the centre of the clarifier, allowing sludge to settle to the bottom and for clear effluent 
to overflow from the top. However, accumulation of sludge on bottom of the clarifier was 
observed. New sludge was almost immediately pumped out (most of the time with high water 
content) through the bottom while old sludge remained in the clarifier which turned the 
reactor anoxic and led to rising sludge. 
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Figure 14. Clarifier Initial set-up photo (left) and diagram (right; not drawn-to-scale) 
Even though the RAS pump was modified to pulse at maximum flow every 10 minutes in an 
attempt to pull some of the sludge deposited on the walls, it was not very effective. 
 
Hence, a scraper (Figure 15) was designed to agitate the base of the clarifier and facilitate 
better solid removal. The lower section of the paddle was not joined as it would be covered 
by sludge most of the time and attached growth might occur. Rubber was also screwed into 
the acrylic to extend its reach and at the same time protect the tank from scratches as the 
scraper spun.   
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Figure 15. Scraper set-up with motor (left); Close-up view of scraping portion with rubber 
tips (right) 
Upon trial, it was found that the scraper was too heavy, and the motor needed to operate at 
high speed in order for it to turn. As a result, the clarifier became completely mixed when the 
scraper was activated. This could potentially make the clarifier into a reactor rather than a 
tank for physical separation of solids and liquids. Hence, the design was modified again.  
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The acrylic and rubber portion were removed, leaving only the aluminium rod and motor. 
Cable tiers were then attached according to Figure 16. 
 
 
Figure 16. Final scraper design 
The final design was lighter and created less overall turbulence than the acrylic one. 
Furthermore, it was able to clean some corners of the clarifier which were previously difficult 
to reach.  
A timer was used to set the scraper to activate intermittently.  
 
3.1.1.5 Use of heater 
It was also observed that due to the heated aeration that the Sunbury WTP was using, 
coupled with the large volume of water, the aeration tank was operating at approximately 15- 
17 °C, even when air temperature fluctuated around 10°C on some days. The temperature of 
pilot plant reactors was measured to be 10 °C in the early morning.  
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Hence, the heater was switched on to warm the reactors to 15°C. This was still low compared 
to summer, but the increased temperature improved the operation of the system.  
 
3.1.1.6 Maintenance  
Finally, maintenance and troubleshooting instructions were developed to help future users 
operate the modified pilot plant (attached in appendix). 
 
3.1.2 Operational conditions 
After the modifications, the final operating conditions of the pilot plant are specified in Table 
14 of previous chapter:  
 
Table 14. Operating conditions 
Sludge age 12 days 
Total tank volume 113 L 
Anoxic tank size % 33% 
Influent flow rate 3.8-4.0 L/ h (pulsing flow due to peristaltic pump) 
Internal recycle flow 4x influent flow rate 
RAS flow rate 1 x influent flow rate 
 
3.1.3 Main components run down 
1- The experimental set-up was started by obtaining sludge from the Sunbury WTP, 
sieved and poured directly into the anoxic tank. The pilot plant also received the same raw 
wastewater of the large plant.  A pump (Figure 17) was installed at the end of the grit 
chamber of the treatment plant and was controlled by a timer scheduled to activate 6 times a 
day, driving the wastewater into a collection tank which served as a primary settling tank 
(Figure 18). The manual valve controlling the flow out from the base of primary tank was 
partially opened such that solids settled within the pipelines were flushed out, before filling 
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the tank and feeding the pilot plant, then automatically draining the content of the tank when 
the pump stopped.  
 
 
Figure 17. Influent pump at Treatment 
plant 
 
Figure 18. Collection tank showing solids 
settling in the bottom of the tank.  
 
2- The wastewater then overflows from the top of the primary tank (Figure 18) into a 
feed tank where it was continuously mixed (Figure 19).   
 
3- The feed was pumped into the anoxic tank at a rate of 4 L/h. As shown in Figure 20, 
the wastewater flowed from the anoxic to the aeration tank, then to the second aeration tank 
(Figure 21) and finally to the secondary clarifier (Figure 22). 
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Figure 19. Feed tank 
 
 
Figure 20. Anoxic tank (left) and Aeration tank (right) 
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4- The internal recycle stream was pumped from the second aeration tank (Figure 21) to 
the anoxic tank. Whereas the waste activated sludge (WAS) stream was discharged from the 
same tank. 
 
5-  Finally, the return activated sludge (RAS) was pumped from the secondary clarifier 
(Figure 22) back to the anoxic tank (Figure 20).  
 
Figure 21. Second aeration tank  
         Figure 22. Secondary clarifier
     
3.2. Chemical dosing 
Following the wastewater characterisation, it was found that sucrose as an external carbon 
source might be required to improve denitrification as discussed later in Chapter 5.3.2. The 
section below describes the methodology to dose the sucrose solution to the targeted TN/ 
COD ratio of 0.1. 
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3.2.1 Pilot plant sugar dosing 
Below is the dosing methodology with sucrose: 
1. To obtain the ratio of TN/COD of 0.1, an additional 130 mg/L of COD is required 
(explanation given in Chapter 5.3.2). 
2. Adding 20% as a safety factor, 170 mg/L of influent of extra COD is needed. 
Multiplying the maximum influent of 3.8 L/h (range was 3.6 L/h to 4.0 L/h due to pulse flow), 
this is approximately 1.55 L/day of 100x diluted D.Nitro sugar solution. 
3. A peristaltic pump will be used to pump the sugar solution intermittently using a timer 
at the rate of 50 ml/min, which is 31 minutes/day (approximately 5-6 minutes each for six 
times a day) directly into the anoxic tank.  
4. The trial will run for two sludge ages, totalling 26 days, and samples analysed 
according to parameters specified in Appendix A.1. 
 
3.2.2 Pilot plant surfactant dosing  
The effect of 10 mg/L SDBS on nitrification was assessed by spiking SDBS into the anoxic tank 
of the pilot plant. Below is the surfactant dosing methodology: 
1. To obtain 10 mg SDBS/L at 2000 mg/L MLSS, 20 mg/L of surfactant was required. 
2. Dissolve 2.50g of 80% SDBS into 2 L to make stock solution of 1 g/L. 
3. Using an influent flow rate of 3.8L/h and 1000 mg/L stock surfactant solution, the 
required surfactant was 76 mg/h. 
4. The calculated dosing rate was 0.076 L/h or 1.82 L/d. Using a timed peristaltic pump, it 
was programmed to pump into the anoxic tank at approximately 30 mg/L for total of 61 
minutes/ day (spread over seven times a day) 
5. Diluted solution of Dow Corning anti foam was pumped into the anoxic tank every two 
hours to prevent foaming.  
Finally, triple the concentration of the stock solution to repeat the experiment at 30 mg/L 
SDBS.   
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4 RESULTS AND DISCUSSION 
 
The effects of the surfactant SDBS on nitrification was assessed using batch test and two types 
of activated sludge reactors, namely SBRs and a pilot plant of MLE configuration. The batch 
test aimed at assessing the short-term effect of SDBS on nitrification. In contrast, the SBRs 
and pilot plant were used to assess the long-term effect of SDBS on the performance of an 
activated sludge process in general and nitrification in particular.  
 
The effect of SDBS on activated sludge process performance measured in terms of 
nitrification and COD removal was assessed using bench scale SBRs and a pilot scale activated 
sludge reactor. The influent to the SBRs was synthetic wastewater spiked with SDBS, whereas 
the influent to the pilot plant was actual wastewater that had passed screening and grit 
removal. SDBS was separately dosed into the anoxic tank using a peristaltic pump. The results 
obtained from the batch tests, the SBRs and the pilot plant are discussed in this chapter.   
   
4.1.  Batch Experiment 
The main aim of the batch experiment was to investigate whether the surfactant SDBS had an 
inhibiting effect on nitrification reactions in activated sludge systems from observing 
ammonia removal.  The batch tests therefore were a tool for evaluating the immediate effect 
of a shock load of SDBS on nitrification.  
 
The effect of SDBS, at 30 mg/L SDBS concentration on NH4-N removal was assessed over four 
hours. Then, inhibition of NH4-N removal was calculated. 
 
The ATU reference line in Figure 23 shows NH4-N level at 46.6 mg/L gently falling to 39.9 mg/L 
over 4 hours. The nitrification reaction was completely inhibited in this case; causing the drop 
in NH4-N to be attributed from solely respiration process of the sludge. Hence, using ATU 
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reference and blank measurements, actual NH4-N expended by sludge due to nitrification can 
be contrasted against surfactant run.  
 
During the first hour, the rate of ammonium removal compared to the blank increased when 
activated sludge was exposed to 30 mg/L SDBS (Figure 23). The ammonia removed during the 
first hour in the presence of SDBS was 45% more than the blank. The enhanced performance 
could be attributed to surfactants’ ability to increase the permeability of bacterial cell 
membranes which can increase the uptake and accelerate nutrient removal.  
 
Ambachtsheer (2000) agreed that surfactants can increase cell membranes permeability, and 
recommended adding low concentration of biosurfactants to biological processes to improve 
microbial metabolism with enhanced COD and NH4-N removal. Furthermore, biosurfactants 
also solubilise hydrophobic organic compounds (HOC), making them more accessible for 
degradation. Hence, it was possible that this process-enhancing effect at low concentration 
was similar to the initial behaviour observed in the first hour of the batch test illustrated in 
Figure 23. 
 
Afterwards, the rate of ammonium removal in the test reactor started to decrease, where 
12.4 mg/L NH4-N was removed (26.9 to 14.4 mg/L) from the activated sludge reactors 
receiving SDBS, while 25.6 mg/L was removed (35.9 to 10.3 mg/L) in the blank runs over the 
following three hours. 
 
The overall inhibition throughout the four hours calculated from equation 1.6 was only 9% as 
the first hour had enhanced nitrification, with 70% inhibition to nitrification for the remaining 
three hours. At the end of four hours, the ammonium removal rate appeared to be similar to 
the blank run. Due to the offset from first hour, the long-term effect might differ if the 
inhibition of the subsequent three hours were extrapolated.  
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Figure 23. Batch nitrification at 3000 mg/L MLSS  
 
4.2. Effect of SDBS on Nitrification in Bench Scale SBRs 
SDBS concentration of 10, 20 and 30 mg/L were added to lab-scale SBRs (with control 
reactors) to monitor the long-term effect of anionic surfactant on a continuous process. Both 
control and trial SBRs were fed with synthetic wastewater and operated for a minimum 
duration of 1 SRT until a steady state was achieved. Then the influent to the SBR was spiked 
with SDBS starting with the lowest concentration of 10 mg SDBS /L. The starting day is 
referred to “day 0” on the graphs.   
 
The SBRs were operated for an extended time during the early stages of this phase of 
experimental work. This was mainly due a number of incidents that affected the SBRs, for 
example, failure of feeding and/or discharge pumps and timers, failure of the air compressor, 
etc. Ideally, SBRs were to be operated for 2-3 SRT’s for each SDBS concentration, which was 
only possible when testing at 20 mg/L SDBS. The problems encountered at the concentration 
of 30 mg/L were mainly excessive foaming despite the addition of anti-foam. There was also a 
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loss of sludge via decanting of turbid effluent. This meant the SBR test at 30 mg SDBS/L was 
terminated after 1 SRT. 
 
4.2.1 SBR NH4-N removal comparison (10 and 20 mg/L SDBS) 
From Figure 24, all SBRs had similar levels of ammonia removal starting from day 0, showing 
no signs of nitrification inhibition.  
 
During this test, there was an operational issue where electricity power failure during the 
weekend on the 19th day stopped the timers, pumps and mixers for a period of time. This 
affected all SBRs but it can be seen that NH4-N removal both in the test SBR that received 10 
mg/L SDBS and the control SBR was the same. Thus, based on performance of SBRs in terms 
of NH4-N removal, SDBS at 10 mg/L had no effect on nitrification.  
 
  
Figure 24. NH4-N removal efficiency for the SBR receiving 10 mg/L SDBS and control SBR 
 
Moreover, the SBR system’s ability to recover from unexpected process disturbances during 
the 10 mg/L SDBS trial showed that this BNR system is quite robust.  
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The SBRs that received 10 mg/L SDBS were operated for one SRT free of SDBS, and then they 
received an influent spiked with 20 mg/L SDBS. 
 
The operation of SBRs during the 20 mg/L SDBS trial was smoother than the previous test and 
the performance of the SBRs was more stable. NH4-N removal efficiency both for the control 
and test SBRs were above 99.5% for the duration of this test (Figure 25).  
Therefore, because nitrification remained unchanged in the SBRs fed with 20 mg/L SDBS, it 
can be concluded that SDBS at 20 mg/L have no noticeable impact on SBRs NH4-N removal. 
 
Figure 25. NH4-N removal efficiency for the SBR receiving 20 mg/L SDBS and the control SBR 
 
4.2.2  SBR COD removal comparison (10 and 20 mg/L SDBS) 
 
The COD removal in Figure 26 during the period from day 19 to 32 for the 10 mg/L test 
dropped but followed the same trend as the control SBR (Figure 26) due to the disturbance to 
SBRs performance as explained previously in section 4.2.1. Both eventually stabilised to above 
90% COD removal at the end of the experiment.  
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Figure 26. COD removal efficiency over time for SBR 10 mg/L SDBS and control 
Due to the incidences that occurred during the midpoint of experimentation of 10 mg/L SDBS 
concentration, there were fluctuations in COD removal as shown in Figure 26, respectively. 
 
The final trial shown in Figure 27 was relatively stable and both the test SBR fed with 20 mg/L 
SDBS and the control SBR removed more than 90% COD throughout the experiment. 
 
Figure 27. COD removal efficiency over time for 20 mg/L SDBS and control 
In general, the control SBRs showed slightly better performance for COD removal than the 
SBR dosed with surfactant for both 10 and 20 mg/L SDBS tests. With the addition of surfactant 
into the feed, the total influent COD received by the test SBRs was higher than that received 
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by the control.  Where the additional COD was not utilised by the bacteria as a carbon source, 
the COD in the effluent was higher, decreasing removal efficiency. 
 
4.2.3 SBR SVI and MLSS comparison (10 and 20 mg/L SDBS tests) 
The change in MLSS and SVI at the end of the experiment for all three runs is summarised in 
Table 15 below. 
 
As the SBR system was controlled using fixed sludge wasting at a pre-defined sludge age of 11 
days rather than controlled by maintaining a fixed MLSS, variations in MLSS were expected. 
Hence, the deviations in MLSS shown in Table 15 were not significant enough to show the 
effects of SDBS addition on MLSS. Moreover, the reactor volume of 4L was relatively small, 
making it difficult to maintain consistency of reactor biomass when small volume differences 
during wasting or sample collection could translate into a large percentage change. 
 
Similarly, SVI changes shown in Table 15 were not significant due to the large fluctuations 
both in control and test SBRs. The SVIs also fell to within the 40 to 130 range, which is 
acceptable in general (Guo et al. 2014; Zodi et al. 2009) as it did not affect the operation of 
the system. 
Table 15. Test and control SBRs MLSS and SVI changes in 10 and 20 mg/L SDBS trials 
  10 mg/L run 20 mg/L run 
Change in 
MLSS 
Surfactant SBR -5.3% -11.5% 
Control SBR 8.1% -7.1% 
Difference  13.4% 4.4% 
    
Change in 
SVI 
Surfactant SBR -1.6% -16.3% 
Control SBR -10.1% -7.2% 
Difference  8.5% 9.1% 
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4.2.4 Performance of SBR receiving 30 mg/L SDBS 
The trial using 30 mg/L SDBS showed the most noticeable impact of the surfactant as 
compared to all previous SBR runs. 
 
The concentration of SDBS was monitored in Figure 28 and the result showed 7.8 mg/L SDBS 
removal (from 30 to 22.2 mg/L) during the first cycle of the SBR operation. Although SDBS 
concentration in the effluent dropped to 10 mg/L after one day, it increased considerably 
after one week (24.6 mg/L) and surpassed 30 mg/L after 11 days (34 mg/L). The SDBS 
concentration exceeded the influent concentration, which is impossible in terms of mass 
balance. This indicates that SDBS was adsorbed and accumulated under prolonged exposure 
to the surfactant and then desorbed from the biomass. This matched the finding of Conrad et 
al. (2006) who observed reversible adsorption and desorption of LAS by activated sludge flocs. 
 
Ammonia removal also fell exponentially from almost 100% to 17.9% at the end of the 
experiment. This drop was more significant than the reduction of COD removal from 92.4% to 
62.9% as the number of nitrifiers was smaller and more sensitive to inhibitors than the 
general bacterial population in activated sludge which utilises COD for growth. 
 
The average influent COD in this experiment was 815 mg/L for the test reactor, which was 
higher than the 669 mg/L in the control due to the extra carbon source produced by the 
additional 30 mg/L SDBS. However, if it was solely due to the activated sludge being unable to 
consume the supplemented COD, the removal efficiency should remain constantly lower from 
the impact of an additional carbon source. Instead, there was worsening performance over 
time as shown in Figure 28, which suggested that COD removal was inhibited as well. 
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Figure 28. COD and NH4-N removal with SDBS concentration (MBAS measurement - 
secondary axis) in SBR dosed with 30 mg/L SDBS over 1 SRT 
 
Figure 29 shows constant 97% and 99.7% COD and ammonia removal, respectively, in the 
control SBR throughout the duration of the test.  
 
Figure 29. COD and NH4-N removal in Control SBR for 30 mg/L SDBS experiment over 1 SRT 
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At a higher concentration of 30 mg/L, SDBS was toxic even to the other bacterial population in 
activated sludge as shown by the drop in COD removal in Figure 28.  
 
On the other hand, similar to the previous concentrations, SVI changes of the surfactant and 
control SBRs shown in Table 16 were not significantly different. Nevertheless, visual 
assessment showed poor settling properties (Figure 31) and the turbidity of the test-SBR 
effluent of 44.6 NTU was higher than the control SBR effluent turbidity of 9.06 NTU. The 
increased turbidity due to anionic surfactant was also observed in other literatures (Liwarska-
Bizukojc & Urbaniak 2007; McAvoy, Eckhoff & Rapaport 1993). A possible explanation is that 
SDBS lyses filamentous bacteria in a similar way to non-ionic surfactant as found by Caravelli, 
Giannuzzi and Zaritzky (2007).  
 
Caravelli, Giannuzzi and Zaritzky (2007) compared the effectiveness of non-ionic surfactant, 
Triton X-100, against chlorine in reducing filamentous bulking. They concluded that unlike 
chlorine, Triton X-100 only affects the filaments growth of S.natans, measured by the drop in 
bacterial respiratory activity fraction within 10 to 20 minutes and causing cell lysis. This 
reduced bulking without much impact on the floc-forming bacteria, A.anitratus. Hence, the 
authors recommended the use of surfactant to reduce SVI. 
 
In the case of the SBRs, there was no initial filamentous bulking, and therefore no significant 
reduction in SVI. Nonetheless, it was likely that the activated sludge’s filament backbone was 
affected by SDBS, producing weak flocs which were easily sheared during the mixing phase, 
resulting in poor settling and turbid effluent. 
 
Furthermore, MLSS also dramatically decreased by 45.5% after one week of spiking the feed 
of the test SBR with 30 mg/L SDBS (Table 16). 
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Table 16. Test and control SBRs MLSS and SVI changes in 30 mg/L SDBS trial 
  30 mg/L run 
MLSS surfactant -45.5% 
 control 2.3% 
   
SVI surfactant -8.8% 
 control -3.4% 
 
The suspended solids concentration in the effluent was measured to be 260 mg/L after one 
week. This poor settling and the loss of sludge through the decanted effluent was similar to 
that reported by Oviedo, Marquez and Alonso (2004) and Xiong et al. (1998). In addition, 
further loss of sludge from foaming during the aeration phase (Figure 30) continued to occur 
despite the addition of anti-foam into the system. 
 
Theoretically, MLSS of the test reactor should increase since the average influent COD for the 
test reactor was higher than the control due to carbon source addition in the form of SDBS. 
Hence, loss of MLSS demonstrated that the activated sludge could not fully utilise the added 
30 mg/L SDBS as a carbon source or rather the rate of growth was slower than the rate of 
biomass loss.  
 
The loss of sludge decreased the SRT as well, causing a detrimental effect on the performance 
of the SBRs as well as nitrification reaction. This drop in sludge age could also contribute to 
the fall in NH4–N removal after one week of exposure to SDBS and the experiment was 
terminated due this snowballing effect of sludge loss causing lower removal of SDBS from the 
reactor.  
78 
 
 
Figure 30. Foaming in test SBR during aeration phase 
 
 
Figure 31. Control SBR without surfactant (left) and fed with surfactant (right) after 1 SRT.  
 
4.2.5 SBR organic loading rate (OLR)  
Average influent COD values were used to calculate OLR of the reactors in SDBS experiments 
(Table 17). Due to minor daily fluctuations, OLR of control reactors in the experiments vary 
slightly (range of 0.98 to 1.00 g COD/L. d).  
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Table 17. OLR of SBR runs 
  OLR (g COD/L. d) 
  10 mg/L run  20 mg/L run 30 mg/L run 
control 0.99 0.98 1.00 
test 0.97 1.04 1.22 
 
Initially, it can be seen that there was little difference in the OLR of 10 mg/L SDBS run (0.99 
and 0.97 g COD/L. d). Subsequently, during 20 mg/L SDBS run, the test SBR OLR was slightly 
more than control SBR’s (1.04 g COD/L. d). However, the addition of surfactant finally 
exhibited higher OLR in test reactor (1.22 g COD/L. d) than control (1.00 g COD/L. d). Looking 
at this trend, there was minimal impact of the surfactant SDBS until 30 mg/L.  
 
The SBR experiments were carried out to find the critical surfactant concentration which 
causes inhibition. Hence, experiments in future involving 30 mg/L SDBS concentration or 
higher will need to take into account maintenance of constant OLR to minimise errors.  
 
Furthermore, using MLSS values at the start and end of SBR runs, specific OLR is tabulated.  
Table 18. Specific OLR of SBR runs 
    specific OLR (g COD/L.MLSS. d) 
    10 mg/L run  20 mg/L run 30 mg/L run 
control 
  
BEFORE experiment 0.33 0.34 0.23 
AFTER experiment 0.31 0.36 0.22 
test 
  
BEFORE experiment 0.30 0.37 0.28 
AFTER experiment 0.31 0.42 0.51 
 
From Table 18, it can be seen that little changes happen in specific OLR in all cases except for 
the test reactor of 30 mg/L SDBS run. Due to the loss in biomass caused by surfactant 
foaming, specific OLR increased from 0.28 to 0.51 g COD/L.MLSS. d.   
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4.3. Pilot Plant 
This section will discuss the influent characterisation and optimising of the pilot plant which 
involved improving denitrification by adding sucrose to the anoxic tank.  Then, 10 mg/L and 
30 mg/L SDBS were pumped into the anoxic tank using an additional peristaltic pump and 
antifoam was added into the first aeration tank to reduce foaming.  
 
4.3.1 Influent characterisation 
The influent to the pilot plant during the period of April to July 2013, using the dual-layered 
mesh set up (Figure 10(b)), was characterised and concentrations are presented in Table 19. 
The list of parameters measured is listed in the Appendix, along with frequency of 
measurement. Influent total phosphate, nitrate and alkalinity were measured initially for a 
few times and averaged. They were not included in the 3-month characterisation as these 
parameters did not fluctuate as other parameters did.  
Table 19. Influent parameters (April to July 2013) 
Influent Parameters Average values (mg/L) 
TP (PO4-P) 10.9 ±3.6 
NO3-N 0.1  
alkalinity 280 ±12 
tCOD 720 ±214 
1.2µm filtered COD 187 ±49 
0.45µm filtered COD 160 ±36 
TN 80 ±10 
NH4-N 50.4 ±8.2 
MBAS (anionic surfactant) 6 - 6.1 (*ALS lab) 
 
The operation conditions were copied again for convenience: 
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 Operating conditions of the pilot plant 
Sludge age 12 days 
Total tank volume 113 L 
Anoxic tank size % 33% 
Influent flow rate 3.8-4.0 L/ h (pulsing flow due to peristaltic pump) 
Internal recycle flow 4x influent flow rate 
RAS flow rate 1 x influent flow rate 
 
The red lines in the subsequent figures marked major events that had occurred, with the 
description of the events given in Table 20. 
. 
 
Figure 32. Influent tCOD, filtered COD at 0.45 and 1.2 µm, ammonia and TN (including major 
events as red lines) 
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Table 20. Summary of events 
Date events 
6/5/13 changed influent pump position (less turbulent flow) 
24/5/13 Installed 3
rd
 tank (2 tanks were previously used due to 3rd tank’s  broken mixer) 
15/7/13 Preheater was activated and set to 15°C 
21/8/13 Sludge were all wasted and system reset by seeding with new sludge 
18/9/13 Start sugar trial  
 
From 23/8/13, the pilot plant was restarted with fresh sludge and allowed to stabilise for one 
month with the average performance shown in the table below:  
 
Table 21. Removal efficiency (Aug to Sept) 
COD removed (Initial – filtered final) 94% 
NH4-N removed 98.5% 
TN removed (Initial – filtered final) 52% 
NO3-N (effluent) 34.05 mg/L 
 
Influent TN was compared against effluent TN, NO3-N, NH4–N and TN in Figure 33 which 
showed that effluent TN continued to increase regardless of the events that had occurred. 
Effluent ammonia remained low since the restart of the system on the 21
st
 of August but 
there was a steady increasing trend of effluent NO3-N throughout the period.  
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Figure 33. Comparing influent TN and effluent’s TN, ammonia and nitrate; a general rising 
trend of effluent TN and nitrate is observed 
 
Furthermore, Figure 33 indicates effluent TN rise and fall in a similar way to influent TN, 
suggesting that nitrogen removal reaction was reaching maximum capacity. Thus, it could not 
cope with the additional amount of TN entering the system at a higher load and produced 
higher TN in effluent as a result.  
 
As in this case, the main constituent of effluent TN were NH4-N and NO3-N, and the main 
reason for the increase in effluent TN was the increasing trend of nitrate produced in the 
effluent (Figure 33). Hence, the problem was mainly denitrification. 
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Factors that affect denitrification in activated sludge systems, specifically those of MLE 
configuration, are:   
• TN/COD ratio 
Both organic substrate and nitrate ions are required for denitrification to occur. Nitrate ions 
originate from the breaking down of organic nitrogen and ammonia which made up the 
majority of TN measured in influent. A lack of either source will become the limiting factor of 
denitrification reaction. 
• Design parameters 
In addition, there are design parameters that must be met to achieve the target nitrogen 
removal such as the internal recycle rate and the ratio of the anoxic to aeration tank volumes, 
which affects the retention time in the tank. A smaller ratio means that the nitrate generated 
in the aeration tank could not be fully removed in the anoxic tank.  
• DO in the anoxic tank  
The presence of oxygen in the tank will encourage nitrification to occur instead, which inhibits 
nitrate and nitrite removal. 
 
4.3.2 Denitrification investigation 
TN/ COD ratio of influent (lack of carbon source for denitrification) 
It was very likely that the influent lacked a carbon source due to the general decreasing trend 
of tCOD observed in Figure 32, which showed a narrowing of range to between 400 and 600 
mg/L in the later months. Furthermore, Figure 34 showed that the TN/COD ratio was mostly 
higher than 0.1 after the month of May. During the period 6/5/13 to 24/5/13, with the ratio 
less than 0.1, the highest percentage of TN removal was recorded. The percentage of TN 
removed was calculated as (total TN in influent – filtered TN in effluent x 100%) and displayed 
downward movement throughout the duration of monitoring. The decreased carbon source 
could also be contributed from the double mesh set-up to filter influent wastewater as shown 
in Figure 10(b), which blocked out large solid particles that can contribute to tCOD. 
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Figure 34. Influent TN/COD ratio and effluent TN removal for the pilot plant at WTP (For 
dates before sugar trial); TN/COD ratio in primary axis and TN removal percentage in 
secondary axis. 
 
Design parameters 
The internal recycle was pumped at a range between 4 to 5 times the influent flow. This is 
within the recommended normal operating condition for the MLE process. 
Compared to the Sunbury WTP, the ratio of anoxic to overall reactor volume of the pilot plant 
was slightly smaller. 
 
Sunbury train A (anoxic/ overall tank volume): 0.405  
Sunbury train B (anoxic/ overall tank volume): 0.432 
Pilot plant (anoxic/ overall tank volume): 0.33 
 
With lower anoxic to aeration tank volume, there would be shorter retention time in the 
anoxic tank. This meant that the anoxic tank might not have as much time for denitrification 
compared to WTP. The hypothesis was checked using an Excel spread sheet calculation, with 
average influent values obtained from Table 19.  
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The anoxic to overall tank size ratio has to be within the percentage of fxmin and fxmax 
(minimum and maximum anoxic sludge mass fraction) which was determined to be 1.5% to 
34.8%, respectively. Hence, the pilot plant anoxic tank ratio of 33% to the total volume is 
within the range and is acceptable. 
 
DO in anoxic tank  
One of the main challenges for achieving denitrification in a pre-anoxic tank, i.e. typical MLE 
configuration, is maintaining low dissolved oxygen levels. The anoxic tank receives the 
influent, RAS and the internal recycle from the final aeration tank, which is commonly 4 – 8 
times the influent flow rate. There was a possibility that aeration was transferred to the 
anoxic tank from the final tank due to the high flow rate of the internal recycle stream. 
 
In the case of the pilot plant, the internal recycle flow was set at between 4 to 5 times the 
influent flow from the 2
nd
 aeration tank (which has lower DO than first aeration tank). This 
flow rate is within the suggested normal operating condition and DO is quickly used up before 
it can affect the DO in the anoxic tank. Monitoring of the pilot plant anoxic tank also showed 
that the DO concentration was less than 0.1 mg/L. Hence, the DO level was not the cause of 
the anoxic tank’s poor denitrification.  
 
Software simulation 
The software BioWin was used to gauge the effectiveness of the pilot plant by simulating the 
same tank sizes used in the pilot plant with the following influent: 
• Using the period in May whereby TN/COD ratios were generally less than 0.1, influent 
total COD ranged around 850 mg/L and above with average total nitrogen at 80 mg/L. 
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• Values after the month of May, with average influent TN remaining constant at 80 
mg/L but the average of COD fell to 670 mg/L. Hence, additional carbon of 140 mg/L is 
required.  
Pilot plant feed characterisation data was also entered into the influent specifier Excel spread 
sheet which generated Table 22 below:  
Table 22. Influent fractions entered into BioWin 
 
The COD influent fractions were then entered into BioWin influent parameters, along with 
COD and TN values during the two comparison periods.   
The steady-state simulation of the pilot plant was set up according to Figure 35 with the same 
operating conditions as the actual experiment. 
 
Referring to Table 23, the BioWin simulation showed that nitrate removal of less than 10 
mg/L and below was possible using the current anoxic / overall tank ratio of the pilot plant as 
long as the TN/COD ratio is less than 0.1, which was the case for the month of May, and also 
for subsequent months with an external carbon source added to lower the TN/COD ratio.  
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Figure 35. BioWin schematic diagram of pilot plant 
 
Table 23. BioWin simulation output (actual ammonia removal in the month of May was not good as only one aeration tank was used. 
However, both actual effluents TN matched the simulated TN in BioWin) 
 
Influent Parameters : Simulation output Average actual effluent
Comments tCOD TN TN/tCOD MLSS MLVSS N-NH3 N-NO3 N-NO2 TN pH tCOD NO3 NH3 TN
month of May 850 80 0.094 2801 1855 0.26 9.74 0.08 13.65 6.71 88.1 6.8 7.18 14
after May 670 80 0.119 2419 1521 0.35 22.97 0.12 27.01 6.26 69.7 20.6 4.36 31
excess COD (+130 mg/L of influent) 670 + 130 80 0.100 2762 1696 0.27 9.89 0.08 13.75 6.71 72.3
Effluent:
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Hence, the simulation package proved that the high TN/COD ratio had a great impact on the 
pilot plant which resulted in the poor denitrification performance.  
It was then decided to dose the system with sucrose solution to increase the COD of the 
influent. The dosing methodology to achieve TN/COD ratio of 0.1 was specified in Chapter 
3.2.1.  
 
Pilot plant sugar trial 
Passing the wastewater through two layers of mesh had an indirect impact on the 
denitrification process. By reducing the TS, the total COD of influent wastewater was reduced 
from the removal of suspended COD, but the total nitrogen did not decrease by the same 
proportion due to the soluble ammonium components of the wastewater which makes up 
more than 62% of it. Hence, after nitrification, the nitrate produced was unable to be fully 
removed by denitrification due to the lack of a carbon source and the required external 
carbon source.  
 
Figure 36 below plots the data measured for influent TN compared with effluent TN, nitrate 
and ammonia. Dosing of sucrose started on 18/9/2013 with the summary of all major events 
marked with red lines were described previously in Table 20. 
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Figure 36. Sugar trial data (nitrogen removal) 
Referring to Figure 36, it can be seen that after the addition of sugar on the 18
th
 of September 
(last red line), effluent TN remained at levels slightly lower than 30 mg/L for a few days before 
dropping to below 20 mg/L from the 23
rd
 of September onwards. Nitrate levels also averaged 
around 10 mg/L after sucrose addition. This decrease occurred despite influent TN remaining 
in the range of 80 to 10 mg/L, proving that the decrease was due to the external carbon 
source.  
 
Figure 37. Filtered effluent COD and reactor MLSS data 
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In both Figure 36 and Figure 37, blue lines mark the dates (29/07, 5/08, 2/09 and 6/09) when 
there were influent issues and the pilot plant was not fed.  
 
During these issues, the general observation was ammonia measurements in all three tanks 
would be lowered and relatively close, approaching the 1 to 2 mg/L range as the ammonia in 
water would be constantly recycled and passed through the aeration tanks multiple times to 
be nitrified. Nitrate measurements in all tanks would also be similar, but much higher than 
normal due to the lack of a carbon source from the influent wastewater, inhibiting 
denitrification. As a result, excessive nitrification might occur in the overall system without 
denitrification to balance the pH. Hence, pH readings in the reactors could drop too. If 
returned and maintained at normal operating conditions, the pilot plant will recover within 2-
3 days and there will be no long-term effects from these events. However, the impact will be 
more visible if the disruption occurred more than once a week. 
 
As shown in Figure 36, it can be seen that disruption in wastewater supply did not affect the 
nitrogen removal (TN, ammonia and nitrate) as much as the carbon removal (effluent COD) 
and also possibly microorganisms’ growth in terms of MLSS in Figure 37. 
 
Looking at the duration after the pilot plant was reset (21/8/13 onwards) in Figure 37, reactor 
MLSS did not vary much from 1500 mg/L, showing that there was not much impact of sugar 
addition to the reactor’s bacterial population as most of the COD was used for denitrification.  
 
There was a slight increase in filtered effluent COD after the addition of sugar, but the rise 
was not very noticeable as there was already an increasing trend before the sucrose dosing.  
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Sugar trial simulation 
Varying volumes of the same concentration of sugar (10,000 mg/L) was tested in the BioWin 
simulation and run at a steady state. The effluent nitrate, COD, total nitrogen (primary axis) 
and reactor MLSS and MLVSS (secondary axis) were plotted in the graph below: 
 
 
Figure 38. BioWin Simulation on varying doses of sugar; primary axis: effluent TN, NO3-N, 
COD concentrations. Secondary axis: anoxic reactor MLVSS and MLSS concentrations. (First 
dotted line marks selected dosing volume obtained from calculation [1.18L / day]; and 
second dotted line marks volume with added 20% safety factor [1.55 L/day]) 
 
The calculated sugar dose matched the simulation in Figure 38, with the required sucrose 
solution of 1.18 L/day being slightly more than the most efficient volume of sugar required in 
the graph.  
 
From the simulation, the range of 0.75 to 1 L/day is perceived to be the optimum volume of 
sugar added at a concentration of 10 000 mg/L as its impact on TN and NO3-N reduction is still 
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signification, yet effluent COD and solids content in the reactor (MLSS and MLVSS) are only 
marginally affected. However, to achieve an NO3-N level lower than 10mg/L, much more 
sugar solution is required, and even though this will only cause a slight increase in effluent 
COD, the greatest impact will be on solids in the reactor.     
 
Comparing the simulation to actual experimental results in Figure 37 and Figure 38, the pilot 
plant’s effluent TN (average: 24 mg/L) and NO3-N (average: 13.1 mg/L) was slightly higher 
than the estimated value shown in Figure 38 (TN: 14.9 mg/L and NO3-N: 10.7 mg/L). Effluent 
COD also did not stray too far from the simulated value of 81 mg/L, which stabilised in the 70-
75 mg/L range for the pilot plant nearing the end of the trial.  
 
However, the MLSS of the reactor was very different and could be attributed to the tCOD or 
TS content of the influent. The large variation of tCOD in Figure 32 was related to the changes 
of influent wastewater TS. The simulation software used an average of these values to 
calculate the MLSS in the reactor which might be inaccurate. 
 
During influent wastewater characterisation, wastewater TS data entered into the simulation 
varied a lot as it was just a snap shot of the actual TS content measured three times a week. It 
was also unviable to obtain the actual amount throughout the day for the whole duration of 
the experiment which might be more precise. Moreover, assuming that the wastewater TS 
measurements were congruent with actual wastewater entering the system, the influent was 
pumped upwards at low speeds from the feed tank to the anoxic tank in the pilot plant; 
passing through a number of right-angled bends through the pipe sections. This could allow 
solids to settle along the way and reduced the TS or tCOD which entered the reactor.  
 
Therefore, more work can be done in future to find out the reason for the discrepancies of TS 
and MLSS between the actual pilot plant data and BioWin simulation output.   
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4.3.3 Wastewater parameters for surfactant runs 
Upon acknowledgement of the problem with the lack of a carbon source, the influent pump 
set up was altered into the one shown in Figure 10(d), causing some changes with the 
wastewater characteristics. The biggest difference was the rise in total COD due to the 
increase in insoluble particulate COD content that was previously removed when using the 
double mesh set up (Figure 10(b)).  
 
Influent wastewater was also tested by an external lab (ALS) to determine the inherent level 
of anionic surfactant.  
 
The resulting parameters are specified in Table 24.  
Table 24. Influent parameters (Nov 2013 to May 2014) 
Influent Parameters Average values (mg/L) 
tCOD 1030 ±243 
1.2µm filtered COD 188 ±53 
TN 87 ±18 
NH4-N 60.1 ±10.0 
MBAS (anionic surfactant) 6 (measured by ALS lab) 
 
4.3.4 10 mg/L SDBS surfactant trial 
As the mesh set up was changed in Figure 10(d), sucrose addition into anoxic tank ceased as 
average COD increased (Table 24). Then, 10 mg/L SDBS dosing into the anoxic tank began.  
 
Since there is only one pilot plant, measurements recorded before and after SDBS addition 
are compared instead of using a second control reactor like in the case of SBR. In this section, 
day 28 was the day when the surfactant was added to the pilot plant and a line was drawn on 
the graphs. 
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Ammonium removal efficiency was calculated and plotted in Figure 39 below. Upon the 
addition of surfactant on day 28, there was a minor drop from 98% to 92% N-NH4 removal 
efficiency which recovered back to 97% by day 35. Other than that, it can be seen that there 
was no visible impact of 10 mg/L SDBS on nitrification in the long run.  
 
 
Figure 39. NH4-N removal efficiency for pilot plant 10 mg/L SDBS trial 
 
In general, effluent NH4-N concentrations ranged around 2 mg/L throughout the whole 
duration of this study as shown in Figure 40. There was a slight increase in measured effluent 
ammonium during the initial two days when 10 mg/L SDBS was added, but it stabilised to less 
than 2 mg/L after a week which mirrored the behaviour of NH4-N removal efficiency seen in 
Figure 39.  
 
The spike in effluent nitrate after the 39
th
 day was most likely due to the loss of some clarifier 
tank content from an incident whereby the pump tube connector came off.  
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Furthermore, averaged MLSS of all 3 reactors seemed to increase after day 28, suggesting 
that the 10 mg/L SDBS could have been used by the organisms for growth. However, the 
increase was also affected by the incident on day 39 as well. 
 
 
 Figure 40. NH4-N and NO3-N effluent results with average reactor MLSS profile for pilot 
plant 10 mg/L SDBS trial 
 
The SVI profile in Figure 41 also did not show significant changes before or after the dosing of 
surfactant, and the downward trend on day 50 was too great to be considered as an effect 
from 10 mg/L SDBS. SVI values also averaged around 110. This was slightly higher as the 
normal range should fall below 100.  
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Figure 41. SVI of anoxic tank in pilot plant 10 mg/L SDBS trial 
 
TN removal efficiency in Figure 42 remained around 80% to 90% throughout the test.  Hence, 
surfactant addition did not appear to have a significant impact on TN removal.  
 
Figure 42. TN removal efficiency pilot plant 10 mg/L SDBS trial 
The pH of all reactors in Figure 43 was in the 7-7.5 range, showing that they were operating 
within acceptable operating conditions.  
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Looking at pH behaviours in the reactors also allowed us to speculate that the reactions might 
occur in them. In general, nitrification reduces alkalinity, which reduces pH. On the contrary, 
denitrification increases pH. Hence, it is expected that pH of the anoxic tank should be highest 
followed by a decreasing trend in Air1 and Air2 aerated reactors. However, it seemed that 
there was a delay in the pH trend especially with the pH of Air1 being constantly slightly 
higher than the anoxic tank, followed by Air2 and effluent. This could be attributed to the 
vertical orientation of the Air1 tank as compared to anoxic and Air2 which were horizontal.  
 
Nonetheless, the lower pH in tank Air2 and effluent showed that nitrification occurred 
nearing the end of the MLE process.  
 
 
Figure 43. pH profile of pilot plant 10 mg/L SDBS trial 
 
The addition of 10 mg/L SDBS had minimal impact on the COD removal efficiency of the pilot 
plant in the long run. Figure 44 showed relatively high COD removal efficiency after dosing, 
with the exception of a slight drop from 96% to 90% from day 28 to day 30 which recovered 
back to 96% two days later.   
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Figure 44. COD removal efficiency for pilot plant 10 mg/L SDBS trial 
 
Measuring the level of SDBS in the three reactor tanks and clarifier, a downward trend was 
observed over time as shown in Figure 45. This proved that the surfactant was slowly being 
removed as the sludge became acclimatised to it. On the 58
th
 to 60
nd
 day, SDBS levels 
approached zero. 
 
Over time, the plant was able to completely remove the surfactant added and there was no 
observable long-term inhibition from SDBS except for the slight increase in NH4-N removal 
during initial phase of dosing. 
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Figure 45. SDBS measurements for 10 mg/L SDBS pilot plant dosing 
 
4.3.5 30 mg/L SDBS surfactant trial 
Pilot plant performance was compared before and after the 30 mg/L SDBS addition which was 
dosed from day 60 of thee experiment (drawn with a line on graphs below).  
 
NH4-N removal efficiency takes into account influent NH4-N measurements, which usually 
fluctuate. Figure 46 showed that upon the addition of 30 mg/L SDBS on day 60, NH4-N 
removal efficiency fell from an average of 95% to slightly below 50% for about 20 days. This 
drop in NH3-N removal displayed 50% nitrification inhibition. NH3-N removal efficiency then 
recovered close to 100%, showing signs of acclimatisation to the surfactant. 
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Figure 46. NH4-N removal efficiency for pilot plant 30 mg/L SDBS trial 
 
From Figure 47, there was a large increase in effluent NH4-N after the addition of surfactant 
on day 60, and at the same time, NO3-N dropped due to the lack of NO3-N produced from 
nitrification. This decrease showed that denitrification still occurred.  
 
NH4-N remained between the 25 to 35 mg/L range for more than 20 days since spiking of 
surfactant and on the 86th day, NH4-N levels started to fall and reached 0.1 mg/L after one 
week. This indicated nitrification recovery and acclimatisation of the sludge to the surfactant. 
The 93rd day also showed an increase of NO3-N to around 9 mg/L, and then to 16 mg/L which 
was the average level of NO3-N before surfactant addition. 
 
A factor which contributed to the sudden drop in effluent NH4-N could be attributed to the 
rise of MLSS after the addition of surfactant, despite constant wasting to maintain SRT. As a 
result, rapid nitrification occurred after the bacteria began to acclimatise.  
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The rise in MLSS could be attributed from the utilisation of excess COD by addition of 30 mg/L 
SDBS (105 mg/L COD) for biomass generation. 
 
 
Figure 47. Effluent NH4-N and NO3-N with MLSS profile for pilot plant 30 mg/L SDBS trial 
 
Starting SVI was high in Figure 48, before stabilising to the 60-80 range and remaining 
constant since day 40 until the end of experiment. Hence, in this case, an addition of 30 mg/L 
SDBS to the system, or the rising MLSS after day 60, did not affect SVI of the activated sludge.    
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Figure 48. SVI profile for pilot plant 30 mg/L SDBS trial  
 
The TN removal graph in Figure 49 shows an average of 80% before dosing of 30 mg/L SDBS. It 
then started decreasing to 50%. This reduction in TN removal meant that effluent TN 
increased during the period but with the low nitrate values depicted in Figure 47, most of the 
increase in effluent TN would have been caused by the rise in NH4-N. The reduction of TN 
removal efficiency was similar to the drop in NH4-N removal shown in Figure 46 as well.  
 
Figure 49. TN removal efficiency for pilot plant 30 mg/L SDBS trial 
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As mentioned in previous sections, nitrification reduces alkalinity, which reduces pH while 
denitrification increases pH. According to Figure 50, pH values of the reactors stay within the 
7-7.5 range before 30 mg/L SDBS was added, which was acceptable within normal operating 
conditions.  
 
Upon addition of 30 mg/L SDBS, overall pH measurements increased to an average of 8 due to 
reduced nitrification, and showed that denitrification reaction was less affected which raised 
the pH values. It is also interesting to note that the pH of Air1 and Air2 reactors were higher 
than the anoxic tank and effluent during the inhibition period (despite constant aeration of 
DO above 2 mg/L in the two aeration tanks), before returning to normal  behaviour as the 
overall pH trend came down to around 7 with acclimatisation to the surfactant.  
 
 
Figure 50. pH profile for pilot plant 30 mg/L trial 
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Figure 51 showed relatively high COD removal of 95% (average) before the addition of 30 
mg/L SDBS. After dosing the surfactant on day 60, COD removal fell to 78% and fluctuated 
until day 80, when it finally stabilised to around 90%. The behaviour observed from day 60 to 
day 80 was the effect of inhibition from the surfactant which corresponded to the same time 
frame as nitrification inhibition in this experiment. In contrast, the lowered COD removal after 
day 80 would be the effect from SDBS addition as an external carbon source, similar to the 
effect of sucrose addition presented in Figure 38. 
 
Substrate inhibition was also observed by Liwarska-Bizukojc and Bizukojc (2006) who used a 
continuous flow system without sludge recycle, and observed an increase in effluent COD 
when the activated sludge was exposed to a higher concentration of anionic surfactants.  
 
 
Figure 51. COD removal efficiency for pilot plant 30 mg/L SDBS trial 
 
 
  
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
0 20 40 60 80 100 120
C
O
D
 r
e
m
o
v
a
l 
e
ff
ii
ci
e
n
cy
time (days)
106 
 
4.4. Experimental Comparison 
This section will compare the results obtained from the three different types of experiments. 
Batch vs Continuous (SBR) 
9% inhibition after four hours in the batch experiment with 30 mg/L SDBS added as shown in 
Figure 23 can be compared with SBR’ s 19.7% inhibition after one cycle (8 hours) of being 
exposed to 30 mg/L SDBS in Figure 28. This shows that the extrapolated 70% inhibition as 
shown by the last three hours in the batch experiment was inaccurate to predict longer 
exposure to an inhibitor.   
 
Likewise, Pagga, Bachner and Strotmann (2006) also compared nitrification inhibition effects 
of different chemicals between batch and laboratory scale treatment. Their finding on N-
methylaniline showed toxicity for 1–10 mg/L in laboratory nitrification inhibition tests (batch). 
However, similar to the continuous experiments done in this thesis, lower concentrations at 
less than 10 mg/L showed no effects on nitrification in the laboratory plants. Instead, a 
noticeable but reversible impact occurred only at a concentration of around 30 mg/L. They 
concluded that static laboratory nitrification tests could provide useful data for toxicity but 
running laboratory treatment plants would show a more complete assessment of the 
inhibition which took into account biodegradation and acclimatisation processes.  
 
Hence, the result from batch experiment is suitable for isolating the parameters affecting the 
nitrification reaction and measuring the rate of inhibition on nitrification. However, it did not 
show how the activated sludge bacteria behaved in actual conditions over time. Thus, the 
inhibition effect in the batch experiment is not a good benchmark to observe the impact of 
SDBS in actual WTPs. On the other hand, the SBR is a better set up which can show the 
performance per cycle which is in a way mimicking the property of the batch experiment, but 
at the same time can be operated continuously to observe the long-term effect.  
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SBR vs pilot plant 
Conversely, it was not easy to compare the SBR and pilot plant experiments as they have 
different processes, scale and influent. When dosed with 30 mg/L SDBS, maximum 
nitrification inhibition observed in the SBR was 82.1% as shown in Figure 28. While the pilot 
plant nitrification inhibition from Figure 46 was calculated to be 66%. 
 
Liao et al. (2006) studied sludge flocs and suggested that floc sizes from SBR were more stable 
to the short-term shock of organic concentration in wastewater as compared to continuous 
stirred-tank reactor (CSTR)  systems. This is because the SBRs are more dynamic, due to the 
constantly changing F/M ratio throughout different stages of the process, making it more 
robust. The pilot plant was designed according to the MLE set up, which could be more viable 
to disturbances. However, the effect of surfactant was not the same as the behaviour 
observed during organic shock load as the SBR did not manage to recover from the inhibition 
of 30 mg/L SDBS, unlike the reversible effect observed in the pilot plant.  
 
Thus, a more viable explanation could be that the wastewater feeding into the pilot plant 
already had 6 mg/L of surfactant (shown in Table 24) which caused the bacterial population to 
adapt to the inhibitor. In contrast, the SBR activated sludge had been fed with synthetic 
wastewater with no prior exposure to the surfactant. This could then affect the 
acclimatisation and degradation performance of the sludge microorganisms.  
 
Additionally, when 30 mg/L SDBS was dosed into the SBR and pilot plant, foaming was 
observed in both cases (Figure 30 for SBR and Figure 52 for pilot plant) resulting in the loss of 
sludge. Nevertheless, the MLSS of the pilot plant continued to rise, while the MLSS of SBR 
plunged. This further highlights the adaptation behaviour of pilot plant bacteria to the 
surfactant, as despite the inhibition of nitrification, it was able to utilise the added SDBS as a 
carbon source for growth.  
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Figure 52. Foaming observed in aeration tanks (Air1 and Air2) 
 
Next, the SBRs’ synthetic wastewater was relatively stable which does not fluctuate like actual 
influent wastewater of the pilot plant. Furthermore, Racz, Datta and Goel (2010) learnt that 
different carbon sources consumed by heterotrophs can also impact nitrifiers community. 
They found that a more complex carbon source led to greater diversity in both heterotrophic 
and AOB populations than a reactor fed with simple sugar. The diverse population might help 
with adjusting to the shock load of a toxic inhibitor. Likewise, Inês et al. (2007) compared 
activated sludge inhibition by different chemical stressors and concluded that lab-scale 
experiments fed with synthetic wastewater had different biomass characteristics which did 
not provide adequate information about actual systems. Hence, real wastewater would be 
preferable in future studies. 
 
Finally, consideration also needs to be given to the size of the reactor and the amount of 
samples collected as frequent or large volumes of sampling will reduce the biomass 
concentration within a smaller set up. In the case of SBRs, the maximum volume of 4-Litres 
limits the amount of samples that can be collected any one time, and sometimes wasting 
during the cycle needs to be stopped to ensure minimal impact to the reactor. On the other 
hand, the same amount of sampling on the 110-Litre pilot plant generally has no effect on the 
process due to the larger reactor volume.  
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4.5. Summary of results 
The results of the batch experiment showed that SDBS at 30 mg/L can cause up to 9% 
inhibition to ammonia removal (chapter 5.1) 
 
Next, a continuous system using lab scale SBR fed with synthetic wastewater outlined in 
chapter 4.2 showed minimal long-term inhibition for 10 and 20 mg/L SDBS concentrations. 
Only 30 mg/L SDBS showed an 82% and 34% reduction in NH4-N and COD removal, 
respectively. At these conditions, the SBRs that received 30 mg/L SDBS did not recover and 
lost MLSS. Although the effect on SVI was not obvious, the sludge settling properties 
deteriorated indicating as indicated by the increase in the effluent turbidity. 
 
Finally, troubleshooting the pilot scale of MLE activated sludge process indicated that carbon 
source in the anoxic zone may not be adequate. This led to an investigation of improving 
nitrogen removal using sucrose as a carbon source. Sucrose was added to the anoxic tank of 
the pilot plant to improve denitrification. This resulted in a drop in NO3-N levels in effluent 
from 34 to about 13 mg/L. This result was also in agreement with the simulated result from 
software BioWin, with effluent NO3-N of 10.9 mg/L.  
 
Next, the pilot plant was fed with 10 mg/L and 30 mg/L SDBS. Some inhibition of COD and 
NH4-N removal was detected at 10 mg/L SDBS, but the system recovered quickly and no 
significant impact on the long run was observed. On the other hand, 30 mg/L SDBS led to a 
50% and 20% decrease in NH4-N and COD removal, respectively. This was less severe 
compared to the SBR run at the same concentration. After two SRTs, the sludge acclimatised 
and the NH4-N removal process recovered to the pre-dosing stage, but COD removal 
efficiency was approximately 5% lower than pre-dosing levels. The reduction in COD removal 
could be due to the surfactant acting as an additional carbon source into the system, which 
resulted in higher COD levels detected in the effluent. MLSS also increased throughout the 
duration of both experiments.  
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5 CONCLUSION  
 
The effect of SDBS on nitrification was assessed according to the standard test. SDBS at 30 
mg/L had an inhibiting effect which led to a 9% reduction in NH4–N removal. The duration of 
these standard tests was four hours. Therefore, to assess the effect of SDBS on activated 
sludge on the long-term, i.e. when the activated sludge is exposed to the surfactant over a 
long period, the following steps were taken to assess the effects of SDBS under continuous 
flow conditions, using a bench scale SBR and a pilot plant.  
 
The effect of SDBS in the inflow to the SBRs was assessed in terms of its effects on NH4-N and 
COD removal, MLSS as well as SVI. The feed synthetic wastewater of the test SBR was spiked 
with SDBS at 10, 20 and 30 mg/L and compared to the control SBR. No differences were 
observed for NH4-N removal in SBR spiked with 10 and 20 mg/L SDBS compared to the control 
reactor. The tests were run over the duration of two SRTs or more, indicating minimal long-
term effects on nitrification.  
 
The removal efficiency of COD in SBRs tested with 10 and 20 mg/L SDBS were more stable 
upon dosing of surfactant but remained slightly lower (0.3 to 20%) than the control SBRs 
throughout the runs. The addition of surfactant into the system resulted in higher COD, but 
when not completely utilised by the bacteria as a carbon source, it led to increased COD in 
effluent and decreased removal efficiency.  
 
Changes in SVI and MLSS between test SBRs and control SBRs for 10 and 20 mg/L SDBS also 
showed no distinct correlations (highest difference in SVI change at 9.1% in 20 mg/L SDBS run 
and MLSS change at 14.4% in 10 mg/L SDBS run). The SBRs were controlled by fixing a 
constant sludge age of 11 days and not by fixing constant MLSS. Furthermore, being a small 
reactor, slight volume differences during wasting or sample collection led to larger variations 
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in MLSS. The SVI in all reactors were within the acceptable range of 40 to 130 and did not 
affect the operation of the system. 
 
There were also disturbances to the SBRs that received 10 mg/L SDBS in the influent, but 
eventually all SBRs were able to recover, showing the resilience of the SBR system at lower 
surfactant concentration.  
 
The presence of SDBS at 30 mg/L in the inflow to the SBRs had a negative effect on NH4-N and 
COD removal which decreased by 82% and 34%, respectively. Also, SDBS at 30 mg/L led to a 
45.5% decrease in MLSS at the end of the experiment, indicating that the growth rate of 
activated sludge was negatively affected. The SVI of sludge from in the test SBR decreased by 
8.8% compared to the control SBR. The sludge had poor settling properties which was 
reflected in terms of effluent turbidity, where the effluent from the SBR that received SDBs 
had a high turbidity of 44.6 NTU compared to 9.06 NTU for the control SBR. These results 
indicate that SDBS at 30 mg/L had a negative effect of on activated growth rate and sludge 
flocs formation.  
 
The pilot plant system was dosed with 10 and 30 mg/L SDBS into the anoxic tank, with 
approximately 6 mg/L anionic surfactant already detected in the raw wastewater feeding into 
the system. At 10 mg/L SDBS, there was a slight reduction in NH4-N removal (6%) but the SBRs 
recovered within a week, and no effect was observed on COD removal.  
 
At 30 mg/L SDBS, the pilot plant system experienced a 50% and 20% decrease in NH4-N and 
COD removal, respectively, but was able to recover to pre-dosing levels after about two SRTs. 
The effect of SDBS observed using the pilot plant of MLE configuration was less severe 
compared to the effect observed using SBRs. Upon dosing of the surfactant SDBS, the MLSS in 
the pilot plant increased by more than 85% which showed that the sludge was able to utilise 
the SDBS for growth.  
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There was a wide range of variation in the pilot plant MLSS and SVI for both 10 and 30 mg/L 
SDBS, but, the changes to SVI did not correlate with changes to effluent quality compared 
with the changes observed using the SBRs. Hence, there was minimal effect of SDBS on 
activated sludge flocs formation, and influences on settling properties were insignificant.   
 
Finally, it is recommended that wastewater treatment plants add acclimatised sludge or 
increase reactor MLSS in events of increased surfactants concentration in influent to minimise 
impacts on the treatment process. 
 
5.1. Recommendations for future research  
Some recommendations for future research include using actual wastewater for SBR runs to 
give a better comparison between the results from SBRs compare to those using pilot plant 
experiments. Moreover, the size of the SBR reactor can also be increased to allow for more 
stability and a larger volume of samples to be collected without major disturbances to the 
process.  OLR should also be kept constant to minimise errors especially at higher surfactant 
concentration. 
 
Additional microscopy analysis on sludge flocs can also be done in future experiments to give 
a better understanding of the effect of surfactant on the shape and size of sludge flocs.  
 
Finally, additional pilot plant runs can be done with different internal recycle flow rates and 
sludge ages to investigate other measures that can improve WTP performance when 
surfactants concentrations increase.  
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APPENDICES 
A.1 Sampling and analysis for simulation 
 
 
 
 
  
purpose of measurement Mon Wed Fri Mon Wed Fri Mon Wed Fri Mon Wed Fri Mon Wed Fri Mon Wed Fri Mon Wed Fri
assess nitrification & denitrification;(feed 
characterisation)
X X X X X X
obtain parameter: N[OUSE]; assess nitrification & 
denitrification
X X X
assess denitrification rate X X X X X X X X X X X X X
assess nitrification rate; (feed characterisation) X X X X X X X X X X X X X X X
simulation (feed characterisation) X X X
simulation (feed characterisation) X X X
simulation (feed characterisation) X X X X X X X X X
simulation (feed characterisation) X X X
simulation (feed characterisation) X X X
assess performance; reference for simulation X X X X X X X X
assess performance; reference for simulation X X X X X X X X
assess performance X X X
assess performance;(feed characterisation) X X X X X X X X X X X X X X X
monitor operation X X X X X X X X
monitor operation X X X X X X X X X X X X
monitor operation X X X X X X X X X
simulation (feed characterisation) X
simulation (feed characterisation) X
simulation (feed characterisation) X X
CODs mg/L (1.2 micron)
TN mg/L
TN (filtered) mg/L
Parameters
Feed / influent RAS Internal recycle
NO3-N mg/L
NH3-N mg/L
CODt mg/L
Anoxic Air 1 Air 2 Effluent
CODs mg/L (0.45 micron)
SVI
VSS mg/L
TSS mg/L
PO4-P mg/L
pH
MLSS mg/L
MLVSS mg/L
DO mg/L
Temp °C
Flow rates L/h
BOD filtered 1.2 micron mg/L
BOD mg/L
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A.2 Schematic of pilot plant 
 
115 
 
A.3 Pilot plant maintenance regime 
General inspection  
1. All 3 flowmeters show positive reading (no negative or 0). 
2. No visible blockage/ spills on the floor. 
3. Accuracy of digital timer (press “timer” and make sure that the programs are still 
there). 
4. Air flow rate into aeration tank is above 1 L/min. 
5. Feed tank (with the mixer) level is not empty. 
6. Compressor status: connections and oil level (have a look 1x every week). 
7. Primary settling tank is empty (open and close valve to same position). 
8. Sunbury feed pump is running and feed the pilot plant (override the timer by 
unplugging it, pump should vibrate). 
Regular maintenance 
Activity frequency 
Clean feed peristaltic pump tube and 
pipe section before & after the pump 
(P1) 
Every 1 week 
Brush all tanks walls and clean A2 
aeration tubes& stones 
Every 2 days 
Unassemble the mesh and sunbury 
pump, then wash grits collected in them. 
(also check for damage/holes in mesh) 
Every alternate visit (4 days) to 1 week 
depending on how much grit has 
collected 
Drain pipe section going from sunbury 
pump to pilot plant (red valve) 
1x per month or drain if feed will not be 
pumped for more than 1 week 
Flush pipe section going into pilot plant 
(connect hose through red valve) 
1x a month (water will dilute influent, so 
it is not preferred; but still necessary as it 
has better cleaning effect than only 
draining the pipe section) Influent TS will 
increase after this maintenance is done. 
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Check & clean solenoid valve (V2) if 
blocked(unscrew 3 out 4 screws, rotate 
top portion out and dig out solids 
blocking up the valve) 
2x a month When feed is dirty; or V2 is 
blocked; or V2 does not close properly 
and cause major issue; increase 
frequency if mesh is in bad condition 
If additional pumps are used (for WAS or 
dosing) check the calibration and timer 
that it is still accurate 
Every 2 week 
 
Assess pump tubing of the 3 peristaltic 
pumps (P1, P2, P3) 
Every 2 days (3 days period is fine for 
Friday – Monday) check for any signs of 
damage/tear 
Replace tubing (P1, P2, P3) Every 1 week (for silicone material)  
Every 2 days for tygon / stiffer material  
Add 10-20 g of NaHCO3 powder If pH < 6.5 
Drain condensate of compressor (open 
valve at the bottom) 
Every 1 week 
Check and refill compressor oil if needed Every 1 week 
Open and return position of wasting 
valve (V20) of primary settling tank. 
Make sure tank is emptied 
Every 2 days 
Apply grease for feed tank mixer  Every 1 month 
 
Additional information 
• Scraper motor should not be exposed to water, especially side air vents where internal 
copper components can be seen. However, air vents must not be totally blocked as well.  
• DO NOT feed the pilot plant without the pump mesh in place. (large solids will enter 
the feed tank and feed tank needs to be unscrewed to remove it; wastewater will also be in 
the tank while disassembling) 
• SWITCH OFF mixer of feed tank when backup pump is used for feeding. The tube will 
need to be inserted into the feed tank from top air hole (sometimes to by-pass peristaltic feed 
pump in pilot plant in the event of blockage or broken pipe) [tube will get caught by impeller, 
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and severed. The tube section will eventually drop into the bottom cone section of feed tank 
and blocks the exit of tank]. 
• Be careful of opening gate during strong winds.  
• Take note of floating fats in the ditch behind the influent tank room. (if ditch is 
covered by fats, the fats might start to accumulate in the influent tank) 
• If data logger software (SOLDAS) stopped collecting data (hanged or reading 0 or do 
not read minor fluctuations), reset the pilot plant power from the pilot plant control panel 
(SOLTEQ) and restart the software.  
 
Troubleshooting 
1. 1
st
 flowmeter is showing 0 flowrate 
 
i. Check peristaltic pump tube for blockage or damage (leaks)  
ii. Check pipe section before and after the pump for blockage  
iii. Make sure that feed tank is not empty, If not:  
 
a. Check that the sunbury pump is working (override the timer by pushing up the red 
button, pump should vibrate) and influent is entering the plant (approx. within 15 minutes) If 
not: 
 
01. Reconnect all electrical plugs 
02. Restart power on wall socket 
03. Check that there is electricity through the wall socket (get operators help if there is no 
power) 
04. Make sure the yellow floater of the pump is held upright by the cable-tier  
05. Readjust position of the floater  
06. If pump is working (vibrating), wastewater should enter the pilot plant within 5 
minutes, if not, flush the section between pump and pilot plant (refer to maintenance 
section) 
 
b. By checking if the solenoid valve is held open  
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01. Check that the rainbird unit has not activated the valve for more than the set time 
02. Unscrew the valve and clean the insides for any solids that may hold the valve open (in 
case the wastewater is flowing out even when rainbird unit is not activated) 
 
2. Spills due to blockage of hose connecting 1
st
 aeration tank to final tank 
 
i. Clear blockage in hose using cable-tier (sludge level of 1
st
 aeration tank should 
returning to covering only half of the tube opening) 
 
3. Pump tubes are torn from wear and tear resulting in leaks  
 
i. Cut required length of tube and replace tubes (mastertube are more rigid and more 
prone to tears [max 1 week for each section of tube in contact with pump]; brandless tube 
from longerpump are more flexible and lasts longer[no issues for 2 weeks]) 
 
4. Increasing occurrence of blockage and grits and grimes in the pilot plant; check for: 
 
i. No holes in mesh of Sunbury feed pump 
ii. Solenoid valve is not blocked 
iii. Wasting valve (V20) in primary tank is not blocked 
 
5. Empty / (not full) Clarifier or tank ‘Air2’  
 
i. no influent/ feed (check input flow meter); WAS and RAS will remove contents in air2 
and clarifier respectively.  
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MAINTENANCE CHECKLIST 
          Checked (X); replaced tubing (V) 
drain Red valve flush red valve clean solenoid valve 
check WAS 
pump flow 
drain compressor 
and check oil Pump tubing 
1x a month 1x a month every 2 weeks 1x a week 1x a month feed RAS IR 
   (alternate)         
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A.4 PFD and equipment lists of SBRs 
name Description Model
E-1 SBR A Schott Duran 5L Beaker
E-2 SBR B Schott Duran 5L Beaker
E-3 SBR C Schott Duran 5L Beaker
E-4 SBR D Schott Duran 5L Beaker
E-5 DECANT  PUMP TPS easyFLOW-VS, variable speed peristaltic dosing pump 
E-6 DECANT  PUMP TPS easyFLOW-VS, variable speed peristaltic dosing pump 
E-7 DECANT  PUMP TPS easyFLOW-VS, variable speed peristaltic dosing pump 
E-8 DECANT  PUMP TPS easyFLOW-VS, variable speed peristaltic dosing pump 
E-9 AIR PUMP EHEIM air pump 400
E-10 AIR PUMP EHEIM air pump 400
E-11 AIR PUMP EHEIM air pump 400
E-12 AIR PUMP EHEIM air pump 400
E-13 FEED TANK 20 L  bucket
E-14 FEED TANK 20 L  bucket
E-15 EFFLUENT TANK 10L container
E-16 EFFLUENT TANK 10L container
E-17 EFFLUENT TANK 10L container
E-18 EFFLUENT TANK 10L container
E-19 4-STREAMS FEED PUMP GILSON MINIPULS 3, peristaltic pump
E-20 MAGNETIC STIRRER C-MAG HS 7 IKAMAG
E-21 MAGNETIC STIRRER C-MAG HS 7 IKAMAG
E-22 MAGNETIC STIRRER C-MAG HS 7 IKAMAG
E-23 MAGNETIC STIRRER C-MAG HS 7 IKAMAG
Instrumentation-Timers POWERTECH MS-6110 mains timer with LCD display
Equipment List
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